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INTRODUCTION 
PURPOSE 
The Mesozoic Gondwana rocks outcrop in three separate 
areas of Gujarat State, namely (i; Bhuj-LaXhpat in the district 
of Kutch/ (2j Himatnagar, district of Sabarkantha/ and (3J 
Surendranagar-Wankaner district in Saurashtra (Fig. IJ. The 
Mesozoic rocks of Surendranagar district, Saurashtra, repre-
senting about 600 m thick of clastic sequence, outcrop 
circularly as inlier, surrounded by the younger Deccan basalt, 
and cover an area of about 1800 sg km. Beyond the outcrop 
limit they extend in the subsurface towards east, west, north, 
and south. 
The present study aims at investigating basin analysis, 
depositional model and paleogeography of the Mesozoic rocks 
in one of the three coastal Gondwana basins, namely Surendra-
nagar-Wankaner in Saurashtra. 
LOCATION AND ACCESS 
Recent researches have no doubt enhanced our understand-
ing of Gcmdwana sedimentation in different parts of the country, 
particularly in respect of paleodrainage, depositional environ-
ments and paleogeographic setting (Casshyap, 1973, 1977, 1982). 
There are nevertheless several critical areas about which 
sedimentological information is as yet vitally lacking for a 
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proper evaluation of sedimentation model of Gondwana rocks. 
The choice of the area (SaurashtraJ for the present investi-
gation was influenced solely by the above consideration. 
Even otherwise, the Saurashtra basin holds a strategic 
• 
location in terms of geologic setting, as part of a marginal 
trough on the existing west coast extending inland toward 
east-northeast (Fig. 2, inset A ) , It is. the western-most 
basin on peninsular India where the strata have been referred 
to as Mesozoic Gondwana rocks (Pascoe, 19 59), and have been 
scantly examined so far in regard to sedimentology and 
paleogeography. A systematic study of the Mesozoic rocks 
of Saurashtra is, thus, critical for a proper reconstruction 
of the Mesozoic Gondwana sedimentation and paleodrainage in 
western India, 
Surendranagar, the main town of the study area, lies 
on the State Highway, situated about 200 km southwest of 
Ahnedabad, and is also connected with Chotila on the National 
Highway, some 6 5 km farther southwest. Dhrangadhra, Than, 
and Wankaner are other important towns, all well connected 
by private and government road transport. 
TOPOGRAPHY AMD CLIMATE 
The area under investigation has subdued but uneven 
topography. The low lying flat country is frequently inter-
cepted by a few local hills or ridges (Fig. 3J. On an 
Figure 3 
Areal view of typ ica l topography in the study area,* view 
from Sara about 3 km frcan Ranlpat, looking nor theas t . 
FIGURE 3. 
average the elevation ranges from 80 to 130 m. Chotila is 
the highest hill with an elevation of 357.54 m (1192 ftj . 
The hills and ridges are generally barren, while the low 
lying flat plains are covered by cultivation or by vegetation. 
In the southern part of the area, made up mostly of 
Deccan traps, the topography presents occasional high hills 
rising upto 330 m (1100 ft) or so, especially near Gangajal, 
Nanama, Samosra and Gariya. The main rivers in the area are 
Bhadar and Bhogavo. The Bhadar flows roughly west to east 
cutting through the Deccan traps. The nalas (creeks) joining 
the river generally run NW to SE and SW to NE. Several 
tributaries of the Bhogavo river traverse the northern part 
of the area. All these rivers and nalas are fed by monsoon 
fains and water flows down immediately leaving pools of 
water in the river bed. The area has more or less arid 
climate. From March to late June, the days are very hot 
with temperatures rising upto 48 C,* nights are cooler. 
Monsoon rains start late June and continue at intervals 
upto middle of September. From October to February the 
area experiences a cool pleasant climate. 
SCOPE OF STUDY 
The present study is concerned with the sedimentological 
investigation of Dhrangadhra and Wadhwan rocks of Surendra-
nagar district (Gujarat;. The study is part of a bigger 
project sanctioned to Professor S.M, Casshyap, Department of 
Geology, Aligarh Muslim University, by the Council of 
Scientific and Industrial Research (CSIRj, New Delhi, which 
aims at examining sedimentary facies, their lateral and 
vertical organisations, paleocurrent dispersal and paleo-
hydrology of the Mesozoic Gondwana rocks in three separate 
areas of Bhuj, Himatnagar, and Surendranagar-Wankaner, 
referred to above. The present study examines the sedimen-
tology and paleogeography of these rocks in the Surendranagar-
Wankaner area of Saurashtra. 
The field work was carried out during winters of 1981 
and 1982, and briefly in 1984 for a check up. Besides 
preparing a geological map showing various mappable litho-
stratigraphic units, the field work included identification 
and examination of sedimentary facies systematically, outcrop 
sections were drawn and nfeasured accurately, orientation data 
from primary sedimentary structures recorded according to a 
predesigned sampling plan, and also some 100 suitable rock 
specimens collected for textural and petrographic study. 
Borehole lithologs were collected as and where available, 
and lithologic composition was calculated to find out the 
lithofacies distribution of Mesozoic rocks in the study area. 
Paleocurrent statistics for azimuthal data from large and 
small scale planar and trough crossbedded units were computed 
and graphically plotted to prepare paleocurrent maps. Textural, 
petrographic, and heavy mineral analysis were undertaken to 
determine depositional processes, nature and composition of 
provenance, and diagenetic changes wherever possible. 
It is believed that the integrated results from facies 
analysis, paleoflow and paleodrainage, texture and petro-
graphy should provide adequate evidence for reconstructing 
the sedimentation history, shoreline configuration and 
paleogeography during the deposition of Mesozoic rocks of 
Saurashtra area. 
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Chapter I 
GEOLOGIC SETTING 
_ _ _ _ _ ^ _ _ - . — _ 4 . _ _ _ _ 
PREVIOUS WORK 
The Mesozoic rocks of Gujarat first attracted the 
attention of geologists towards the later part of nineteenth 
century. Fedden (1884J is believed to be the pioneer worker 
who studied and described the geology of the earstwhile 
Kathiawar 'State' of Gujarat Pradesh, and correlated the 
strata with those occurring elsewhere in Gujarat and in the 
lower Narbada Valley of western India. Eunson (1892) has 
given a detailed account of the geology of Morvi and adjoining 
areas, Oldham (1893) described the Mesozoic rocks of 
Saurashtra as 'Kathiawar beds'. The geology of Saurashtra 
was re-examined by Fox (1931) who discussed their age and 
correlation. Subsequently Dunn (19 42) gave an account of the 
coal occurrences in these rocks, and Taploo (19 43), Khedker 
(19 43), Master (1943) and Karunakaran (1951) carried out 
mineral investigations in Saurashtra. Our present knowledge 
of the geology and stratigraphy of the Saurashtra is largely 
based after the monumental publication of Pascoe (1959), 
modified by Srivastava (1963) and Kathiara (1969), and 
Pareek (1977). 
The Mesozoic rocks of Gujarit outcrop in three separated 
areas of Bhuj, Himatnagar, and Surendranagar, as shown in 
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Figure 1. The rocks occurring in the vicinity of Surendra-
nagar in Saurashtra, called 'Kathiawar Beds' by Oldham (1893), 
have been subdivided lithologically into Dhrangadhra, and 
Wadhwan in ascending order, following Fedden (188 4). Following 
Fox (1931J& Pascoe (1959), Krishnan (1982, p.361) described 
the Kathiawar Beds as 'Gondwana Beds' apparently on the ground 
that these rocks, like other type Gondwana rocks of peninsular 
India, are plant-bearing and contain stringers of coal like 
the Umia Formation with which they have been generally corre-
lated. These rocks were referred to as Mesozoic Gondwana 
rocks by Pascoe (19 59), 
STRATIGRAPHIC CLASSIFICATION 
The Gondwana sequence ("2^ 3000 n\) of India has been 
classified into 'Lower Gondwana' (Permian) and 'Upper 
Gondwana* (Mesozoic) based on flora and fauna following Fox 
(1931), The Lower Gondwana rocks are characterised by 
Glossopteris-Gangamopteris flora whereas the Upper Gondwana 
is characterised by Lapidopteris-Dicroidium and Ptilophyllum 
flora (Ghosh and Mitra, 1970/ Acharya et al,, 1977/ Sastri 
et al,, 1979), The Gondwana rocks of Saurashtra are 
characterised by the Mesozoic fossil plants mentioned above, 
as well as contain scane invertebrate body fossils (Borkar, 
1973J, However, the strata as a whole could be differen-
tiated lithostratigraphically into formations and members 
following the recommendation of the 'Code of Stratigraphlc 
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Nomenclature of India' (Geol . Surv. India, 1977 J . 
According to the 'Code of Stratigraphic Nomenclature 
of India' (Geological Survey of India, 1977 J, a formation 
is the fundamental unit in lithostratigraphic classification 
characterised by a typical lithologic association and homo-
geneity (Article 7.00, GSI, 1977, p.S;. It is a mappable 
unit, normally on a scale of 1150,000 in this country. 
Thickness of a formation is not a determining feature in its 
definition. Its limits usually are those boundaries of 
lithologic change that give the formation greater practicable 
unity of character. A formation may represent a long or short 
time interval, and may include chronostratigraphic breaks. A 
member is next in rank below a formation,* it is not defined 
by specified shape, extent or thickness (Article 7,10,' GSI, 
1977, p.6K A member may occur like a lens or a channel 
like body within a formation, and need not be mappable on a 
scale required for formation. Thus, a formation may be 
divided into membery^embers when it becomes useful to 
recognise its lithologic entity. 
Early workers described the Mesozoic Gondwana rocks of 
Saurashtra as 'Dhrangadhra Sandstone' and 'Wadhwan Sandstone* 
in ascending order (Fox, 1931,* Pascoe, 1959J. During a 
re-examination of these rocks (GSI, 1977 J, the Dhrangadhra 
was represented by three mappable rock units, and Wadhwan by 
three. The present study was able to recognise and delineate 
altogether four mappable rock units herein called formations 
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in the Mesozoic strata of Surendranagar, Chotila, Wankaner 
area. A canparative stratigraphic scheme including the four 
formations as recognised in this study area is recorded in 
Table 1/ their distribution is shown in the geological map 
in Figure 2. Thus, the earlier status of Dhrangadhra as 
•Formation' may now be revised to 'Group' to include four 
formations, namely Than at the base, succeeded by Surajdeval, 
Ranipat, and Wadhwan at the top in the study area, as shown 
in Table 1. 
22££®iation 
Generally speaking the Dhrangadhra group of formations 
of Saurashtra are correlated with those of Himatnagar of 
eastern Gujarat and with the Umia Formation of Kutch, and 
have been assigned Middle Jurassic to possibly Neoccsnian age 
according to Fedden (188 4;, Oldham (1893), Fox (1931), 
Chiplonkar and Borkar (1975J, Pareek (1977), Krishnan (1982, 
p.253). The overlying Wadhwan Formation is correlated with 
Bagh Beds of lower Narbada Valley and Lameta Beds in Jabalpur 
area of central India (Fig, 2, inset B), and is assigned 
Wealden age (lower Cretaceous). 
Recently Jai Krishna et al., (1983) have suggested a 
slightly younger age to the Umia Formation of Kutcht Upper 
Tithonian (uppermost Jurassic) to Albian ('^uppermost lower 
Cretaceous) , A sJjnilar age may be visualised for the lower 
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formations of the Dhrangadhra Group which are a close 
correlative of the Uroia Formation of Kutch as widely believed, 
and, if so, the overlying Wadhwan Formation may be considered 
slightly younger than the Albian, by implication. 
The stratigraphic correlation of the Mesozoic rocks of 
Gujarat in the three areas referred to above, as proposed by 
different workers, is shown in Table 1. 
DHRANGADHRA GROUP 
The Dhrangadhra Group of Saurashtra covers an area of 
about 1800 sq km and consists of more than 600 m thick 
succession of sedimentary rocks ranging in age from upper-
most Jurassic to uppermost lower Cretaceous (upper Tithonian 
to Albian I 145-97 my from nowj. The basement consists of 
Precambrian rocks, possibly the extension of the early 
Proterozoic Aravalli of southern Rajasthan which outcrop 
near Himatnagar some 6 5 km northeast of the study area. The 
outcrops of Mesozoic rocks form hills and ridges and occur 
in rail, road, and well cuttings, and in the subsurface as 
recorded in the available borehole record through much of the 
western and southwestern part of the area suggesting their 
possible subsurface extension in this direction. The strata, 
as a rule, are flat lying or show a gentle dip (3-8 ; in 
most places,* as such a complete sequence of these rocks does 
not occur at any single locality. The maximum exposed 
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thickness in one section of Ranipat Formation is about 3 5m 
near Dudhai. Boreholes drilled by the State Ground Water 
Board and Geological Survey of India have yielded an estimated 
thickness of the Dhrangadhra Group of rocks of about 400 m. 
The four formations constituting the Dhrangadhra Group, 
namely. Than, Surajdeval, Ranipat, and Wadhwan, in ascending 
order, differ in colour, grain size, lithologic association, 
as discussed below. 
The rocks exposed in and around Than and also encountered 
in the boreholes drilled by the State Ground Water Board in 
the area around were called as 'Than Beds' by Pascoe (19 59, p. 
997J after the town of Than some 18 km north of Chotila. 
These are the same as 'Kathiawar Beds' of Oldham (1893, p.189; 
and Fox (1931, p.132;,* what Krishnan (1982, p.254; mentions 
as 'Gondwana Beds* of Kathiawar. The rocks are mainly 
ccwnposed of earthy white and reddish feriruginous sandstone, 
grey white shale (fire clays;, and carbonaceous shale with 
thin lense of coal,* the latter occur particularly in lower 
part of the formation. Most section are a few metres thick 
but occasionally may be about 5-7 metres thick or even more. 
The coal bands are thin with maximum thickness seldom more 
than half a metre as noted in the available borehole logs 
(Figure 4). Many shale cores exhibit fragments of fossil 
plants. 
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B H No 28 THAN FORMATION 
0 00 ^^j!,^,.,:,:,^^^ Pink Sand a Clay 
Pink sst . intercalated grey & crcora col shale 
* ' M ' ^ , - - : V " ' ^ ^ - - -
13-00 -t 
19-00 
22-00 
2 6 - 0 0 - P 
3 4 0 0 
5 3 0 0 
57-00--
76-00-
8 6 0 0 -
66-50 
112-50 
130-00 
133-00 
156-50 
1 9 6 0 0 
2 1 2 0 0 
Black Sha le /Carb & thin s t r ingers of Coot 
White compact sst (Fine g ra ined) 
Black Carbonaceous 
Black Carbonaceous 
White 0 
25*'. 
"' '/'"V''-^ "''"-
aaaaaitjwxtacataJ 
_ - _ - _ - _ - " • Grey 
;v>(W>:v>oOr«>af»<i 
242-50 
2A5-60 
WhiU 
Stack 
Whit« 
Grey 
White 
30 L- Meter 
Cool 
Carbonaceous Shale 
Shale 
White 
Grey 
White 
Black 
White 
Black 
''s)M Fine grained Sondttone 
Medium grained Sandstone 
Coarse grained Sandstone 
Fig. 4 Columnar diagram of a p o r t i o n of borehole log(I -o ,28) , showing 
a t y p i c a l sequence of l i t h o l o g i c types i n the Than Formation. 
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The fos s i l f lora from carbonaceous shale as ident i f ied 
by Feistmantal (I88O; and Feeden (1884J are given below '. 
F i l i c a l e s '. Pecopteris sp . Taeniopter is sp . Alethopteris 
(aspleniuxnJ, Whitbgnsis G. opp . 
Cycadeaceous I Podozamites lanceola tus , Ptillophyllum 
cutchense. 
Coniferse I Echinostrobus (ThuitesJ exponsus, Palissya 
Jabalpuransis, Fstm. Taxites tenerriums 
Fstm, Arecuarites Cutchensis Fstm (Seeds), 
Pinus CCHnp. non denskidldi . 
Rao and Vimal (1950J, Roy (1965, 1967), Kasat (1969), 
Verina and Rawat (196 4, 1970) identified a rich assanblage of 
microflora. The spores and pollen assemblage recovered from 
the samples from this formation indicate the presence of 
Pteriophytes, Lycopods, Gymnosperms, Cycades, Angiosperms 
along with fragments of cuticles and wood, and shows that 
this flora is of wealden age (Lower Cretaceous). 
Surajdeval Formation 
This Formation named after the village Surajdeval, 12 km 
north of Chotila Taluka, is prominently reddish in outcrops. 
The red friable mudstone occurs in lower part with sandstone 
above, and is well exposed throughout the outcrop area in south-
western part (Fig. 5a>. White and pink sandstone, with occasional 
LITHOLOGICAL SUCCESSION 
AT SHAHPUR 
Fine-Coarse 
grained sand 
Fine - medium, 
sporadic pebbles 
Dark red shale 
O ' O -
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Medium- fine 
grained and 
splintfty shale 
Dark red shale 
Fine grained sand 
0.5 Oi SCALE 
METER 
Fig 5 A Columnar diagram showing a t y p i c a l sequence of l i t h o f a c i e s of 
Sura jdeva l Formation as measured i n the o u t c r o p ; l o c a l i t y some 
10 Km west of Shahpur v i l l a g e . 
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thin lenses or white and grey shale stand out as ridges or 
conical h i l locks such as those near v i l l age Surajdeval 
(Fig. 3), Shahpur/ Mangalkui, and Dhaduka on Surendranagar-
Chotila road. Lenses of pebbly conglomerate with pebble of 
about 2-6 cm in diameter sometimes occur in the upper par t 
of the formation in t e rca l a t ed with coarse grained sandstone. 
There are thin lenses (10 to 30 cm thick J of white and grey 
shale in the sandstone. Red sp l in t e ry mudstone i s conspicuous 
because of i t s maroon colour which i s mainly exposed west of 
Surajdeval, and in the low lying f l a t ground near Songadh, 
Balavadu and Ratanpur. The maximum borehole log thickness 
as recorded by the Geological Suirvey of India (1977J i s 
approximately 170 m. A l i t h o l o g i c a l succession as recorded 
near Shahpur, about 8 metre th ick , i s shown diagrammatically 
in Figure 6 and l i s t e d below ', 
Outcrog_Section_of_Sura2deval__at_Shahpur Thickness (m; 
Sand f ine to coarse grained with minor . . . 0.50 
pinkish clay 
Fine to medium grained sandstone with . . . 1.2 
sporadic pebbles of quartz 
Shale! dark red . . . 2,20 
Interbedded sandstone (medium to f ine . . . 1.50 
gradned) with sp l in t e ry shale 
Shale: dark red . . . 1.80 
Fine grained sandstone . . . 0.80 
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( A ) 
B.H.N0.3 RANIPAT FORMATION 
( EASTERN PART 
1-80 
27 -40 
41-76 
45-75 
a 
o 
79-24 
84-93 
101-18 
108-40 
116-56-
1 5 3 0 2 
181-05 
200-85 
210-30 
216-57 
226-80 
.'.•.'.•••.•iA-.v.v.-.'-.v7??r 
gaaffoQaii.w»iMni.iA» 
Ferruginous 
Ferruginous 
White 
Bluish to yellow 
Whitish 
Reddish 
6rey 
White 
Red 
Arenaceous 
Grey 
Whitish 
75*/. 
O r 
10 
Brown 
Grey 
20 
30 
50»/. 
i- Meter 
Grey to buff 
Grry to earthy 
Whitish 
Grey 
Grey 
Grey 
25*/. 
E ^ Shale 
WWlli Fine grained sandstone 
W'fiA Fine to medium grained sandstone 
l.-V.-J Medium grained sandstone 
Medium to Coarse grained sandstone 
^ . _ - _ - . Reddish 
Fig.6 Portions of borehole logs in: A, eastern; B, central; and 
c, western part of the Ranipat Formation, illustrating the 
relative decrease of sandstone and increase in shale(fine 
elastics) from eastern to western part of the study area. 
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RANIPAT FORMATION 
(CENTRAL PART) 
( B ) 
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RANIPAT FORMATION 
( W E S T E R N PART) 
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R a n i g a t F o r m a t i o n 
The R a n i p a t Fonnat-ion d i t f e r s from t h e two u n d e r l y i n a 
f o r m a t i o n s i n t h a t i t c o n s i s t s p r e d o m i n a n t l y of s a n d s t o n e wi th 
t h i n s h a l e bands o c c a s i o n a l l y showing c h a r a c t e r i s t i c s of f i n i n g 
upward c y c l e s of 2 -4 m i n t h i c k n e s s ( F i g . 5 b J . S a n d s t o n e i s 
m a i n l y w h i t e , e a r t h y , y e l l o w i s h t o p i n k i s h i n c o l o u r and c o a r s e , 
medium- t o f i n e - g r a i n e d i n c h a r a c t e r . F u r t h e r , s a n d s t o n e forms 
c h a r a c t e r i s t i c a l l y t h e low l y i n g h i l l s and r i d g e s a l l a round due 
t o g r e a t e r r e s i s t a n c e t o w e a t h e r i n g and e r o s i o n . The e a s t - w e s t 
r i d g e s of R a n i p a t s a n d s t o n e o u t c r o p e x t e n s i v e l y i n t h e 8 km 
wide t r a c t be tween C h o t i l a and Than and e x t e n d l e n g t h w i s e toward 
w e s t c o n t i n u o u s l y f o r a b o u t 10 km. The r i d g e s a round V e l a l a , 
Nalkhambha and S u r i a r e p a r t i c u l a r l y p r o i i i n e n t . S e v e r a l s e c t i o n s 
of t h e R a n i p a t Fo rma t ion were m e a s u r e d i n t h e c o u r s e of f i e l d 
work t o ccropare t h e s e d i m e n t a r y c h a r a c t e r s i n t h e s t u d y a r e a . 
The l i t h o l o g i c s u c c e s s i o n frcxn e a s t e r n and w e s t e r n p a r t s a r e 
d i a g r a m m a t i c a l l y shown i n F i g u r e s 6 a , b , c , and a summar ised 
a c c o u n t of a t y p i c a l R a n i p a t o u t c r o p from t h e n o r t h e r n p a r t i s 
l i s t e d be low '. 
O u t c r o p S e c t i o n of R a n i p a t F o r m a t i o n a t Chu l i 
C o a r s e q u a r t z i t i c s a n d s t o n e 
Coarse-medium y e l l o w i s h / f e r r u g i n o u s s a n d s t o n e 
C o n g l o m e r a t i c and g r i t t y s a n d s t o n e 
Yel low t o e a r t h y s a n d s t o n e 
Whi t e , K a o l i n i s e d s a n d s t o n e 
Whi te and f e r r u g i n o u s medium g r a i n s a n d s t o n e 
3-12 m 
4-15 ra 
2 -4 m 
5-13 m 
2-7 m 
6 -10 m 
Figure 5B 
Photographs showing a portion of channel sandstone 
embedded in red shale (fmj facies in the Surajdeval 
Formation/ view from Surajdeval temple, looking north-
west . 
Figure 5C 
Recurring seguence of sandstone and red shale of the 
Ranipat Formation,* Rail cutting, some 3 km from 
Brigadier Office (Military Campj, Dhrangadhra Town 
I,for scale, the person shown in photograph is about • 
17 2 cm high j . 
2 5 
FIGURE 55. 
FIGURE 5C. 
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Clean white sandstone with grit bands ... 4-15 m 
Coarse to medium grained white at places ... 7-13 m 
(Kaolinisedj with conglomerate bands 
White sandstone with grit conglcxnerate . .. 2-7 m 
Violet to chocolate coloured clayey ... 2-6 m 
sandstone and grit 
Yellow to light brown clayey sandstone ... 5-17 m 
with micaceous shale bands 
White micaceous sandstone ... 4-8 m 
Red argillaceous sandstone ... 1-3 m 
White medium grained sandstone with ... 3-8 m 
sporadic siltstone 
White coarse to medium grained sandstone ... 2-4 m 
The Ranipat Formation lies conformably and gradationally 
above the Surajdeval Formation. In the central and southern 
parts of the area it is unconformably overlain by the Wadhwan 
Formation,* in the Dhrangadhra area north of Surendranagar, it 
is covered by a thick soil and alluvixom. 
Brick red calcareous sandstone with occasional thin bands 
of limestone was named as the Wadhwan Sandstone by Fedden 
(1884, P.84J after the town of Wadhwan (N. Lat. 22° 42': E. 
Long. 71 44*J. This assemblage, lying conformably above 
the Ranipat Formation, resembles the Bagh Beds of the Narbada 
Valley (Fedden, 1884, p.84,* Arkell, 1956, p.292/ Krishnan, 
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1982, P.254J. According to Chiplonkar and Borkar (1975J the 
Wadhwan Sandstone contains fossils similar to Bagh Beds and 
be considered as Lower Cretaceous in age. Several of the 
Bagh species are found to occur in the Wadhwan rocks, some of 
which are Pyenodonta boucheroni (cong.J, Lima granulicostata 
chiplonkar and Badve, Liostrea rouveli (cong.), Voluta 
elongata (d'Orb.^, Paraesa faba (Sow.J, Protocardia Pauli 
(cong.), H«T»iaster subsimilis Fourtua, Nucleolites rajnathi 
(Chiplonkar^, N. Chirakhanesis (ChiplonkarJ and Archaeolitho-
thanium saurashtraensis chiplonkar and Boarkar (Chiplonkar 
and Borkar, 1971K Thus, the Wadhwan Formation has very 
close faunal and microfaunal affinities with the Bagh Beds 
and like them can appropriately be placed at Cenomanian-
Turonian (middle Cretaceous J . Wadhwan outcrops are scarce 
and sporadic, and are seen near the town of Wadhwan, Malod, 
Veghela, Sejakpur and, Jasapar. The rocks of this formation 
have been divided into three units, namely I 1} Kukda unit,' 
2) Malechimata unit,* 3j Khamisana unit, in ascending order. 
Inasmuch as these units lack lateral continuity and occur 
cotnmonly as lenticular bodies, they have been treated as 
menabers infonnally within the Wadhwan Formation in this study 
(Table 1), rather than separate forroations within a group 
(? Wadhwan group^. 
The Kukda is composed of maroon to chocolate brown to 
red coloured ferruginous sandstone,* it outcrops in creeks 
north of Kukda and northwest of Godawari, and in Bhogavo 
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river section north of Tidana. Chiplonkar and Borkar (197 5) 
reported that rocks of this unit rest unconformably on the 
underlying Ranipat Formation. Kukda is succeeded by 
Malechimata unit which is composed of buff coloured, hard 
limestone. The exposures of this unit are scanty, however,* 
a small outcrop occurs near Bhaduka and some 10 km east of 
Chotiia. The outcrops are scarce and its contacts with the 
overlying Khamisana and underlying Kukda unit are not exposed 
anywhere. Ramiengar and Mukul (1971) and Chiplonkar and 
Borkar (197 5) reported megascopic and microscopic fossil 
assemblage of this limestone, as follows I 
Bryozoa Eritalophora sp., Ceriopera sp., Membranipora 
sp. Spiropora sp., Escharinella sp., 
Lunulitis sp., Filicrisina sp., Lobosoccia 
sp., Dictuonia, Flustrillaria sp., 
Conopeum sp., Planicellaria sp.. 
Corals Stephanocoenia sp., Trechocyathus sp. 
Stephanosmilia sp,, Astrocoenia sp. 
Gastropoda Turritella sp., Cerithium sp.. 
Algae Archaeolithothamnium sp., Solenopore sp. 
The Khamisana is named after the village Khamisana, 
some 5 km north of Khamisana village, and is the uppermost 
unit of Wadhwan Formation. The rocks are essentially 
arenaceous consisting coarse to very coarse grained ferru-
ginous sandstone. At places, the rocks are massive, hard 
and compact and quartzitic in nature. Colour bending is 
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conspicuous especially in the upper part of the unit. It is 
widely exposed in the quarries near Khamisana village. 
Gritty and coarse sandstone is restricted to the upper part 
of this unit. 
Due to the paucity of exposures, the Wadhwan Formation 
could not be studied in detail. Therefore, this study is 
based mainly on the Dhrangadhra Group of rocks, with a brief 
reference to Wadhwan strata as and where proper specimen 
could be obtained. 
peccan_Tra£S 
The Deccan Traps (basalt) are found directly to overlie 
the various formations of Dhrangadhra including the Wadhwan 
Formation at different places. There is an erosional uncon-
formity at the base of the traps. The southern and western 
portions of the study area are covered with the rocks of 
Deccan Traps. There are several small outliers of the Deccan 
Traps overlying the Surajdeval, Ranipat or Wadhwan formations, 
northeast and west of Chotila-taluka. The flows have a 
tendency to form flat-topped plateau-like features. Charac-
teristic topography of the flat-topped basalt hills is 
prevalent in the southern! part around Gangajal, Samosra and 
Gariya. Geological Survey of India (1976) has assigned 
upper Cretaceous to Eocene age to these Deccan Traps. 
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Intrusive l2neous_Rocks 
The Gondwana rocks of Saurashtra are intersected by 
several basic and ultrabasic igneous intrusives. These 
intrusives are dolerite dykes, cutting through the formations 
of Dhrangadhra including the Wadhwan as also the Deccan Traps. 
Dykes show no preferred orientation and range from 2 to 18 
metres in thickness. They are composite and are generally 
of three sets (i; N-s; {2) E-W to ENE-WSW and,* (3 J NW-SE to 
NNW-SSE. At several places, especially near Devasar the 
dykes cut each other. Since the present study is concerned 
mainly with the sedimentary rocks, no particular attention 
was paid to the igneous rocks and so they have not been dealt 
with in any detail. 
Miliolite_Limestone 
The Miliolite Limestone also known as Porbandar Limestone 
of Eocene age is the youngest rocks to occur in different 
parts of Saurashtra. Although its type area is located at 
Porbandar some 300 km to the south, outcrops of Miliolite 
limestone occur as inter-trappean beds in places such as 
Bama.t»bore 8 km and other localities close by south of Chotila, 
and in places near Wankaner about 40 km farther west. 
Sporadic outcrops also occur in the ravines and stream cutting 
across the Ahmedabad-Rajkot highway. The limestone varies in 
thickness from 3 to 10 metres, and is usually intercalated 
31 
with argillaceous bands. Borkar (197 3; reported some 
skeletal fish remains from these limestone. These fossils 
indicate Paleocene to Lower Eocene age (Borkar, 1973 J for 
these inter-trappean beds. 
SUBSURFACE FACIES ANALYSIS 
The bulk of the Mesozoic Gondwana rocks in the study 
area, however, lie in the subsurface underneath the Recent 
alluvium,* only a fraction of strata crops out for direct 
study. Further, because of gentle dips and greater erosion, 
any single outcrop section is seldom thicker than 20 m. 
More resistent rocks such as sandstone make up more of the 
outcrop sections than the less resistent shale or carbonaceous 
shale. Consequently, for estimating the true composition of 
lithic-fill and vertical relationship of llthologic types it 
was necessary and desirable that the Dhrangadhra lithic-fill 
be analysed also in the subsurface wherever borehole data 
are available. 
The basis for subsurface study is the well known 
principle enunciated by Walther (189 4^ in that 'only those 
environments that are laterally associated with each other 
geographically may become associated in a vertical sequence' 
(see Reading, 1978; . Estimation of lithic-fill composition 
and recognition of lateral fades changes provide useful 
information on varieties of coeval environmental conditions 
in the sedimentation area. Vertical relationship of facies, 
could provide evidence in support of or against the cyclical 
nature of lithofacies and temporal change in depositional 
environment through time. Lithic-fill composition of the 
Dhrangadhra Group of rocks of the study area have not been 
carried out so far. Therefore, a preliminary study of 
Dhrangadhra rocks have been carried out using borehole data 
for a vertical relationship of lithofacies. 
The study aims at '. CiJ estimating the lithologic 
composition of the Dhrangadhra Group of rocks (including 
Than, Surajdeval, Ranipat and Wadhwan formations) in terms 
of coarse, medium, fine/carbonaceous shale/coal. 
The basic data consisted of 27 borehole logs supplied 
by courtesy of the officers of Geological Survey of India 
and State Ground Water Board, including 4 from Than, 7 from 
Surajdeval, 12 from Ranipat and 4 from Wadhwan formations,* 
their location is shown in Figure 7. Lithologic composition 
in respect of coarse, medium, and fine grained lithofacies 
for each borehole log was calculated separately for each 
formation as recorded in Appendix-1 and graphically plotted 
in triangular digram (Fig. 8 ) . To demonstrate the areal 
variation in the Ranipat Formation, from east to west, and 
so 3 random borehole logs, from east (Borehole log No. 3), 
central (t>.H. No. 27), and western (B.H. No. 28) parts were 
plotted in Figure 6a,b,c. 
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Figure 7. Map showing location of borehole logs examined 
the study area. in 
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Fig. 8 Triangular diagrams showing subsurface lithofacies composition 
in terms of coarse sandstone, medium sandstone, fine elastics in 
Than, Surajdeval, Ranipat and f^^ rlhwan sandstones, based on borehole 
data . 
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The l i t h o f a c i e s c o m p o s i t i o n as summar ised below 
( T a b l e 2) d i s p l a y s , by and l a r g e , g r e a t e r amount of s i l t 
and c l a y i n t h e lower Than and S u r a j d e v a l f o r m a t i o n , w i th 
p r o g r e s s i v e i n c r e a s e of medium and c o a r s e sand i n t h e 
s u c c e e d i n g R a n i p a t and Wadhwan f o r m a t i o n s . A c o a r s e n i n g 
upward s p e c t r u m of l i t h i c - f i l l i s i n d i c a t e d i n t h e Mesozoic 
r o c k s of S a u r a s h t r a . 
T a b l e 2 . L i t h o f a c i e s c c m p o s i t i o n of Dhrangadhra F o r m a t i o n s 
F o r m a t i o n s C o a r s e s a n d Medium s a n d F i n e sand ( i n p e r c e n t ^ ( i n p e r c e n t ) ( i n p e r c e n t ) 
Wadhwan 
R a n i p a t 
S u r a j d e v a l 
Than 
48 - 66 
12 - 57 
22 - 36 
1 4 - 2 1 
22 ~ 44 
30 - 43 
22 - 42 
20 - 26 
7 - 1 4 
8 - 4 3 
41 - 56 
52 - 6 4 
Chapter II 
LITHOFACIES_AND_THEIR_GENETIC_SIGNIFICANCE 
INTRODUCTORY REMARKS 
The term 'Facies' is a latin word meaning face, appearance, 
aspect, look and condition. It was introduced in geology by 
Nicolaus Steno (1669, pp. 68-7 5) for the entire aspect of a 
part of the earth's surface during a certain interval of a 
geologic time. Nowadays the meaning of the word facies has 
been much discussed in geology (Moore, 19 49,* Teichert, 19 58,* 
Krximbein and Sloss, 1963-). It is widely used in sedimentary 
geology, but also has a somewhat different meaning in the area 
of metamorphic petrology (Fawcett, 1982). Reading (1978, Chap. 
2) provides an excellent discussion of the modern sedimento-
logical uses of the term, and the methods of interpreting 
individual facies and facies relationship. Modem scientific 
usage of the term facies dates frcxn the year 1838, when the 
Swiss geologist Gressly published the first part of his geo-
logical investigations in Jura Mountains near Solothurn, 
Switzerland. He used the word to mark out the lateral varia-
tion on the basis of lithologic and paleontologic evidences. 
Moore (1949J revised the original concept and suggested that 
the term facies should be considered to 'comprise any areally 
segregated part of a designated rock division in which 
physical and/or organic characters differ significantly 
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from those of another part or parts'. According to Reading 
Q978J, 'A facies is a body of rock with specified charac-
teristics'. In sedimentary sequences it is designated by 
colour, stratification, composition, texture, fossil and 
sedimentary structures. The term 'facies' or more precisely 
sedimentary facies in a sedimentary sequence may be used in 
different manners depending upon individual's criteria I (IJ 
in a general way or as a rock product, e.g. shaly facies,' 
{2) emphasizing on genetic processes of the rock body, e.g. 
'channel facies', which is the product of main channel of a 
river,' t3) emphasizing on a depositional environment in which 
a particular rock body has been deposited e.g. 'fluvial facies' 
or 'lacustrine facies', C 4J emphasize on tectonic activity in 
facies, e.g. 'post erogenic facies' or molasse facies*. 
Middleton (1978^ stated however that facies will ultimately 
be given an environmental interpretation. According to Miall 
(1984, P.13 4J the term of facies can also be used in an inter-
pretive sense, for groups of rocks or lithofacies assemblage 
that are thought to have been formed under a broadly similar 
depositional environment, such as shelf carbonate facies or 
fluvial facies, encompassing a wide range of depositional 
processes. 
Thus, the present status and concept of sedimentary 
facies have considerably enhanced our understanding of 
sedimentary environments and sedimentary processes of both 
recent and ancient deposits. 
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With this in mind, the Mesozoic rocks of Surendranagar 
district were carefully examined on each outcrop during the 
course of field work, and the following data were collected 
in respect of sedimentary facies '. 
1. Identifying sedimentary facies on the basis of colour, 
grains size and sedimentary structure. 
2. Examining each facies for its geometry, sedimentary 
characters, and contacts between them in vertical/ 
horizontal plane, and sketching the sequence to the 
scale in detail, where need be. 
The study aims at analysing the salient sedimentological 
features and vertical relationship and association of each 
facies and interpreting their genetic implications, indivi-
dually and collectively on the basis of above results. 
LITHOFACIES DESCRIPTION 
In the light of the above, 11 lithofacies types were 
recognised in the Dhrangadhra group of rocks, including 7 
major auid 4 minor depending upon their relative abundance. 
The lithofacies were named and coded individually, following 
a scheme by Miall (1977; and modified by Rust (1978J and 
Miall (1978J . The lithofacies code consists of three parts,* 
a capital letter of dominant lithofacies, S = sandstone, 
F = shale/siltstone, L = limestone,* a lower case letter or 
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letters chosen as a mnemonic of a distinctive grain size/ 
structure as subscript of each lithofacies. Because of the 
smaller thickness of available sections ( 30 m), and due to 
gentle dip (3-8 ) and presence of flat topography through 
most part, a complete record of the Dhrangadhra is no where 
exposed. The lithofacies study, therefore, is based partly 
on careful examination of certain well exposed sections, and 
partly on the analysis of borehole logs through the Dhrangadhra 
strata. The code and description of each major and minor 
lithofacies are given below I 
Major Facies 
i) Scg - Quartz-pebble conglomeratic sandstone 
i±) Sp - Planar crossbedded sandstone 
iii^ St - Trough crossbedded sandstone 
iv) Sh - Horizontally bedded to gently inclined sandstone 
v^ Sr - Small-scale crossbedded fine-grained sandstone 
vij fl - Laminated to ripple-laminated siltstone/shale 
viij fm - Muddy shale/carbonaceous shale 
viiij Sfz - Flaser bedded fine-grained sandstone 
^G 
ixj S-hb - Herringbone crossbedded sandstone 
x^ S-hcs- Hununocky cross-stratified sandstone 
xiJ Lf - Fossiliferous limestone 
Major Facies 
A variety of sandstone occurs in the Dhrangadhra group 
of formations depending upon colour, grain size and sedimen-
tary structures. Sandstone is pink, reddish-brown, earthy 
to buff, and white in colour, generally speaking, to brilliant 
white in places. It is thickly developed in the southern and 
western parts of the study area. As thick beds (3 - 60 m) it 
occurs as separate bodies, as thin beds (60 - < 10 cm} it may 
alternate with fine-elastics. Four lithofacies have been 
observed as mentioned below* 
Quartz-gebble £222i222£2^i£_£S!2»^-°"- (Scg),- Quartz pebble 
conglomeratic sandstone (Scg^ is buff, brown to white in 
colour, in which small pebbles of different size are intimately 
dispersed (Fig. 9), The pebbles (2-8 cm diameter) including 
very small ones (2-4 mm) are commonly white to dirty white, 
subangular, subrounded to rounded, and predominantly quartzose 
in composition. They are scattered forming pebbly sandstone 
or densely packed resembling conglomerate,* voides between 
them are filled with very coarse to coarse sandy and silty 
material. Average bed thickness of this facies is about 30 cm 
Fioure 9 
•a 
Quartz-pebble conglomeratic facies (S-cgJ of Surajdeval 
Formation showing subangular to subrounded pebble^, with 
voides filled by sandy matrix,* overlying S-cg is Sp facies 
Jaria Hahadeo Temple 7 km west of Avalya Takkar Temple on 
Chotila, Than Road. 
4( 
FIGURE 9. 
Figures 10, 11 
Large scale planar crossbeddea sandstone facias (Spj showing 
cosets of crossbeds, locally containing-thinner interbeds of 
silty mud and reactivation surface. 
Ranipat Formation, 15 km west of Muli on Sara Road. 
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FIGURE 10. 
FIGURE 11. 
Figure 12 
Large scale planar crossbedded sandstone facies (Spj 
showing a single set of crossbed,* foreset laminae 
characterised by concentration of mica, and exhibt 
soft sediment deformation. 
Ranipat Formation, 8 km northwest of Chotila on Thangad Road. 
Figure 13 
Trough crossbedded sandstone facies (St) showing large and 
small scale cosets and sets of 
crossbeds. 
Ranipat Formation, Avalya Takkar Temple, road side, 8 km 
northwest of Chotila. 
^ * 
. - • a * 
FJG|UP.E 13 
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to 2 metre, traceable laterally for about 10-30 metre depending 
upon size of the outcrop. Most beds show a lower scoured 
surface. This facies is particularly developed in the Surajdeval 
and Wadhwan formations,* the best outcrops occur in the former 
near temple, and around Jaria Mahadeo temple some 15 km west 
of Chotila. 
Planar crossbedded_sandstone__(S£2 «- Crossbedded sandstone 
bodies, in varying abundance, are widely developed in all the 
formations throughout the study area. 
Sandstone facies showing planar crossbedding in cosets (Figs 
10, 11J or isolated single sets (Fig. 12; are here described 
as Sp tacies. This sandstone is coarse to medium grained, 
buff, earthy to brownish and dirty white to white on outcrop, 
and shows extensive development of planar or tabular cross-
bedding of large (average set thickness = > 20 cmj and medium 
(5-20 cm; scale (Fig. 11). Large-scale planar crossbedded 
sandstone is brilliantly white in places (Fig. 12J, locally 
containing thinner interbeds of white silty mud (5-10 cm thick) 
showing parallel lamination or fluid-escape structures. This 
facies at places is bounded by gently erosional reactivation 
surface (Figs. 10,12K The reactivation surfaces observed 
here are of two types I (±) as thinner bundles and thinner 
crossbedding sets (Fig. 10J, and (iiJ thicker sets of cross-
strata and larger bundles (Fig. 12) which may possibly have 
formed in tidal (Klein, 1970) and fluvial environment 
(Collinson, 1969) . This facies particularly occurs in the 
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Ranipat Formation near Dhrangadhra town along rail cutting 
(Kapali Dhar;, northwest of Kura Road (Bala Hanuxnan MandirJ 
quarries, some 15 km west of Muli on Sara road on Thangadh. 
Single set planar crossbedded (Sp) facies is likewise 
coarse to medium-grained,* the foreset laminae are characterised 
by concentration of mica. The contact between foreset and 
bottomset laminae is slightly tangetial. The facies is 
commonly found in Ranipat and Surajdevai formations. The 
planar crossbedded Sp facies is attributed to subaqueous down-
current migration of either sand waves (Hanns and Fahnestock, 
1965* Harms et al., 197 5) or individual transverse bars 
(Smith, 197 2) . 
Trough_crossbedded_sandstone_^St2,- Trough crossbedding is 
widely developed in coarse, medium to fine-grained sandstone, 
here called St facies (Fig. 13), and occurs in large (average 
set thickness = > 20 cm) and medium scale (5-20 cm) like 
planar crossbedded, Sp, facies. Both Sp and St facies may be 
closely associated as cosets and sets. Large scale sets of 
St facies (> 20 cm) may be separated by thin muddy drapes. 
Trough crossbedded sandstone facies (St) is widely developed 
in the Surajdevai and the overlying Ranipat Formation but is 
not quite so important in the uppermost Wadhwan Formation. 
Trough crossbedded cosets are believed to form by the sub-
aqueous migration of some dunes (Collinson, 1970,* Smith, 1971), 
lunate bars (Allen, 1963,* Reineck and Singh, 1980), small 
Figures 14, 15 
Planar (SpJ and trough (Stj crossbedded sandstone facies 
showing a gradual decrease in scale of crossbeds in a 
vertical section from base to top. 
Ranipat Formation, Chotila-Than Road, 2 km west of 
Aya village. 
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FIGURE 14 
P 
m 
FIGURE 15. 
Figure 16 
Meditun to f ine-grained sandstone showing horii jontally to 
gently inc l ined bedding (Sh- fac ies j . 
Ranipat Formation, Sara Bridge sect ion, 3 km north of Sara 
Figure 17 
Medium to f ine-grained sandstone showing p a r a l l e l bedding, 
in tercepted by smal l -scale planar crossbedded cosets and 
s ingle s e t s . 
Surajdeval Formation, 14 km west of K ^^  i^'*^on Than 
Road. 
FIGURE 16. 
'A. A. Jtm^t/u 
FIGURE 17. 
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ripples (Karcz, 197 2,* Singh and Kumar, 197 4) or they may 
have formed by the migration of cuspate ripples (Boothroyd, 
1985;. 
Both Sp, St facies may display a decreasing scale of 
crossbedding in vertical sections couple of metres thick 
(Figs. 14,15). The sequence may comprise a basal erosional 
surface overlain by a thin, intraformational conglomerate 
and trough crossbedded sands. Individual sets which may be 
25-50 cm thick in the lower part progressively become 
distinctly thinner (< 5 cm) in the upper part. Trough 
foresets are particularly well preserved in white medium 
grained sandstone they show faint traces as in the north-
western part of Chotila Taluka, some 6 km away in Aya village 
and near Avaliya Takkar Temple. The overall sandstone 
sequence exhibits fining-upward cycles of 5-10 metres 
thickness on outcrops. 
Fining-upward crossbedded sandstone bodies, as foxind 
in the study area, may be attributed to active channel facies 
formed by lateral accretion/aggradation of meandering streams, 
delta-distributary channels, or tidal channels (Allen, 1965,* 
Duff et al., 1967,* Klein, 1970b,* Miall, 1984). 
Horizontally bedded to gently inclined sandstone (Sh),- This 
sandstone is medium to fine-grained and exhibits thinly 
developed horizontal or evenly laminated to gently inclined 
(Fig, 16) bedding in places. The sandstone is 1 to 3 m thick. 
49 
extends laterally a few tens of metres, and is thinly inter-
bedded with fine-grained sandstone and mudstone layers. 
Parting lineation is developed commonly on horizontally 
bedded and evenly laminated fine-grained sandstone. Strati-
graphic ally Sh facies is more common in the upper Surajdeval 
and overlying Ranipat formation. Best exposures of the 
facies are in the Dhrangadhra rail cutting section, near 
Surajdeval Temple, and in the Khamisana quarries. 
The Sh facies may be interpreted as the product of 
upper flow regjLrae plane bed which develops beneath flow of 
high velocity or low depth (Reading, 1978,* Collinson and 
Thompson, 1984, p,97K Deposition of Sh facies may be 
attributed to increase in flow regime due to local shallowing 
of the basin floor, to seasonal increase in discharge or to 
sheet like floods (McKee et al., 1967), Similar associations 
of Sh facies with St and Sp have been described from tidal 
inlets and tidal channel deposits (Coleman and Gangliano, 
1964,* Elliot, 197 4,* Tankard and Barwis, 1982; . Gently 
inclined or evenly laminated bedding and parting lineation 
may be attributed to beach deposits and/or sandy shoals 
exposed to wave action (Reineck and Singh, 1980, p,120K In 
fluvial environment these may develop locally on levees and 
point bars (Harms et al., 1963,* Coleman, 1969J. Reineck 
(1963a; has interpreted gently or evenly laminated sand of 
beaches to swash and backwash action of waves and demonstrated 
that during tidal phase many laminae are produced. 
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Small-scale crossbedded^flne-grained_sandstone_^Sr2.- Small 
scale crossbedded sandstone (Sr) f a d e s i s white to d i r t y 
white on outcrop/ predominantly medium to f ine-gra ined. The 
Sr facies occurs in cosets more (Figs . 11,17J than s ingle 
se t s with thicknesses 10 - < 5 an, and i s ccsnmonly associated 
with l a rge scale Sp and St sandstone facies of Ranipat and 
upper p a r t of Surajdeval , 
Small scale cosets in Sr facies , in f ine-grained sand of 
planar and trough shape, represent l ee - s ide deposition of 
down current migrating sinuous r ipples in shallow water with 
optimum sediment supply and discharge under lower flow regime 
(Harms and Fahnestock, 1965,* Harms e t a l . , 1975K Their 
associa t ion with la rge sca le St and Sp facies and with fine 
c l a s t i c fac ies i s indeed genet ica l ly s ign i f i can t as discussed 
1 a t e r , • 
^25!i22^2^_i2_£i£Bi-li§5!i2§-S§~5iiiS£22f/SiJSiS^lf i i •" This 
fac ies ( f lJ represented by red, grey and white s i l t s t o n e and 
shale and or f ine to very f ine-grained sandstone, displays 
p a r a l l e l laminations or small sca le s t ruc tu res (Fig. 18K I t 
c o n s t i t u t e , together with fm, the upper member of coarsening/ 
f ining upward cycles in Than, Surajdeval, and Ranipat. However, 
i t a l so occurs in upper p a r t of crossbedded sandstone facies 
(St, SpJ or i s interbedded with them. The bes t outcrops are 
in Ranipat and Surajdeval formations, near Dhrangadhra r a i l 
Figure 18 
Thinly bedded and laterally extensive shale/siltstone and 
fine to very fine grained sandstone (fl-faciesj. 
Surajdeval Formation, quarry section, 1-?; km west of Sc-^ i^ viK-
Figure 19 
Thinly bedded laterally extensive siltstone and red mud-
stone facies (fm), underlain erosively by fl fades. 
Surajdeval Formation, 12 km southwest of Than 
FIGURE 18. 
FIGURE 19. 
cutting, quarries, nala cutting on Chotila - Than road, some 
8 km northwest of Chotila Taluka. 
Laminated fl facies of shale-siltstone may represent 
largely as vertical accretionary load formed by settling of 
suspended sediment in overbank flood plain, delta- or tidal 
plain. It may also include a product of migrating small 
current ripples (Allen, 1963/ Reading, 1978j, or may have 
formed during occasional periods of storm in the intervening 
periods of low sediment influx (Schieber, 1986J and in inter-
mittent inter-tidal environment (Cheng, 1982K 
Muddy shale/carbonaceous_shale (fn}2«~ This facies representing 
fine-clastic component of sediment assemblage is grey to black 
and reddish in colour and develops in units of varying thickness, 
from a few decimeter to about 10-20 metre in the Than and the 
overlying Surajdeval Formation (Fig. 19j, traceable in outcrops 
for tens of metres. In the Surajdeval, red mudstone is widely 
developed, occupying low lying areas. Individual units of 
this facies (red mudstone J, <; 3-10 m thick in outcrop, are more 
widespread in the lower part of the Surajdeval Formation, 
enclosing thin well-washed fine to very fine-grained sandstone 
bodies as referred to earlier (Fig, 19K 
In the underlying Than Formation, this facies forms 
thinly bedded carbonaceous shale, coaly stringers (upto 2-4 cm 
thick;, siltstone, and very-fine sandstone. At places, they 
are 10-20 m thick in Than quarries, comprising interbedded 
shale, siltstone and fine-grained sandstone. Individual beds, 
generally 1-3 m thick, are often of considerable lateral 
extent, but may be difficult to trace confidently between out-
crops because of frequent change in bed thickness. Impressions 
and remains of fossil plant leaves occur occasionally in 
carbonaceous shale as stated earlier. This facies has also 
been recorded in the borehole log (Fig. 4) as coarsening and 
locally as fining upward transitions. 
Flaser bedded fi2SlS£§i5-^_S22^£^2!2£-.l5^22 •" Flaser bedded 
fine-grained sandstone (Sfz) is buff to white in colour on 
outcrop and shows development of flaser, wavy to lenticular 
bedding (Fig, 20), locally containing thinner interbeds of 
white silty mud. The Sfz facies is commonly associated with 
large and small scale Sp and St facies. This facies occurs 
particularly in the Ranipat Formation near Avalya Takkar 
Temple and in the quarries around. 
Reineck (196 3a), and Reineck et al, (1968) attributed 
these structures to the inter-tidal environment. Coleman and 
Gagliano (196 5) recognised flaser and lenticular bedding in 
marine delta and Coleman (1966) in the lake bottom sediments. 
Herringbone crossbedded sandstone (S-hb) .- Sandstone bodies 
in which planar crossbedding foresets (Sp) show opposite 
directions are here defined as S-hb facies (Fig. 21), This 
Figure 20 
Fine- to very fine grained sandstone, containing thin 
interbeds or s l i ve r s of s i l t y mud, resembling wavy to 
l e n t i c u l a r f laser bedding. 
Ranipat Formation, 3 km southwest of Avalya Takkar Temple 
Figure 21 
Medium-to fine grained sandstone showing herringbone 
crossbedding (S-hbJ. 
5 "km northwest of Head Office, along 
Saramati River. 
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FIGURE 20 . 
FIGURE 21 . 
facies is characterised by medium-grained white sandstone. 
Individual sandstone bodies of this facies may vary from 
0.5 to 2 m in thickness. Thin (10-30 cm) shale is generally 
present between two such sandstone bodies in a vertical 
sequence. S-hb facies is locally developed in the Ranipat 
Formation near railway cuttings (Dhrangadhra townj, Jaria 
Mahadeo Temple, and in the upper part of the Surajdeval 
Formation, near Temple, some 15 km west of Chotila, and near 
Dhaduki village. 
Reading (1978, p.235) and Reineck and Singh (1980, p.99; 
attributed these sedimentary structures to tidal environment 
of nearshore (barrier associated^ deposits (Moore, 1979J. 
Clifton and Thompson (1978J attributed these structures to 
have formed in inter-tidal and shallow subtidal environments. 
Hummocky cross-stratified sandstone (S-hcs),- Hummocky bedded 
(? cross-stratified) sandstone (S-hcs) occurs locally, specially 
in white to grey and medium to fine-grained sandstone (20-30 cm 
thicknesses). This facies occurs canmonly in association with 
laminated siltstone layers (Fig. 22a). The hummocky cross-
stratification is, however, faintly developed (Fig. 22a) and 
may be delineated and sketched (Fig. 22b) only on closed 
examination, as is generally the case (Surajdeval Temple). 
This structure in the study area occurs in sheet like geometry 
and usually persists laterally for a few decimeters or so. 
Bed thickness varies from 0.5 to 2 m and pinches and swells 
Figure 22A 
Medium to f ine-grained sandstone, showing humraocky 
s t r a r i f i c a t i o n (? C r o s s - s t r a t i f i c a t i o n ; , sharply to 
erosively based. 
Surajdeval Formation, 10 km northwest of Chotila on 
Surajdeval road. 
Figure 23 
Structureless pebbly, coarse to medium grained sand-
stone showing small pockets of fossiliferous limestone 
(Lf; facies. 
Wadhwan Formation, Malachimata Hill Section, 7 km 
northeast of Surandranagar district. 
FIGURE 22 A. 
^^J30' 
f^^^^ 
FIGURE 23. 
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( B ) HUMMOCKY CROSS-STRATIFICATION (S-hcs) 
Sandstones 
commonly inter bedded 
wi th m ud / siltstone 
Lowangle curved 
lamina intersect ions 
as hummocks 
Fig.22B Block diatrram showin/^: f ea tu re s of humraocky c r o s s - s t r a t i f i c a t i o n 
(S-hcs) ( a f t e r -falker, 1Q79). 
l a t e r a l l y and i s commonly eros ional ly txruncated. The sedimen-
tary s t r i ic tures within these sandstone beds include pa ra l l e l 
to low angle cross- laminat ion . The S-hcs uni t usually appears 
massive on outcrop exposures and have both gradational and 
i r r e g u l a r , erosional c o n t a c t s . The upper bedding surfaces 
grade in to si l tstone/tnudstone and may not contain possibly 
t race f o s s i l s . The best exposure of t h i s facies i s seen near 
Surajdeval Teinple, some 6 km northwest on Surajdeval road. 
Hummocky c r o s s - s t r a t i f i c a t i o n (S-hcs) has been in terpre ted 
as of wave action below f a i r weather wave base (Harms et al ., 
1975; Write and Walker, 1981,* Walker, 1983b; Miall , 1984, p . 
149; . Collinson and Thompson (1984, p.lOOJ found t h i s s t ruc -
ture in shallow marine shelf sediments and in te rpre ted to have 
formed by the action of storm waves below the depth for normal, 
fair-weather wave-reworking. 
^2S5iii^®£2Bf-iiSSf ^222_ii!-i •" "^ ^^ facies occurs only in the 
WadhwoUi Formation ranging frcxn 4-10 m in length and 0 to 2 m 
in thickness (Fig. 23j , occurs as thin l en t i cu l a r pockets 
within pebbly coarse to medium sandstone and mudstone. This 
facies (Lfj buff to reddish on outcrop containing a diverse 
f o s s i l assemblage of invertibrate marine fauna l ike gastropods, 
cora l s , bryozoa, algae (Chiplonkar and Borkar, 1975J. The 
exposures of t h i s fac ies are scanty and the i r contacts with 
the underlying or overlying fac ies are not exposed anywhere, 
and can be seen only around Bhaduka, a small outcrop occurs 
near Bhaduka and Masariya village (the outcrop of Masariya 
village has now been lost for ever, since the area in which 
it was exposed has gone under a percolation reservoir tank 
which was under construction during the course of field work;. 
Occurrence of fossiliferous limestone bands provides an 
incontrovertible evidence of marine ingression in the study 
area during the Wadhwan time, as discussed later. 
FACIES RELATIONSHIP AND GENETIC SIGNIFICANCE 
Facies may be viewed and interpreted individually, as if 
it refers to a solitary event, or collectively as part of a 
consanguineous sequence to work out a coherent relationship 
between the constituent facies. Each facies in a given sequence 
is a record of a particular subenvironment as developed at a 
given place and time during the course of deposition and of the 
processes operating therein (Reading, 1978, p.5). 
Channel_Gravel_Bars 
Quartz pebbly conglcxneratic sandstone facies (Scg^ as 
described above may be attributed as deposits of large 
distributary channels, based on their geometry, internal 
structure and sequence context (Fig. 9) , Clast supported 
conglomerate may be formed on channel floor lags or bar 
surface accumulations, and sand matrix-supported types as 
slurry deposits formed by bank collaps (Fielding, 1986), or 
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as alluvial flash floods (Harms, Southard and Walker, 1982, 
Chapter V, p.6-4). Facies association as shown in Figure 24, 
can be interpreted as channel-fill conglomerate (Harms et al., 
1982J . Planar crossbedded, sand matrix-supported conglomerates 
occurring in association with channel conglomerates (gravels) 
may have formed as longitudinal bars (Fig. 24), (Ore, 196 4,* 
Smith, 197 4,' Rust, 1978). The fact that conglomerates are 
clast-supported as well as sand matrix-supported and that 
there is often an alternation of different clast/pebble size, 
may be the result of high- and low discharge events (Smith, 
197 4). During high flows, sands were carried in suspension 
above gravels. As flow decreases, finer gravels were deposited 
above the larger once, and finally sand was deposited, filling 
pores in the gravels but not reaching the lowest gravel beds. 
This process produced a lower open work gravel and an upper, 
sand-filled gravel (Ramos and Sopena, 1983). This facies 
seems to be the result of a prograding sandy and gravelly 
coastal area. This facies is also associated with Sp and St 
facies which locally display bimodal oreintation of cross-
bedding. Tidal currents were influential in producing bimodal 
crossbedding, and some stormy conditions near the coast are 
recorded by the presence of S-hcs. Modem examples of storro-
formed gravel bed forms have been described by early workers 
(Wright and Walker, 1981,* Gillie, 1979,* Yorath et al., 1979), 
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1-MA5SIVE OR CRUDE FLAT BEDDED SANDSTONE AND 
CONGLOMERATE 
2 -MASSIVE SANDSTONE 
Fig 2h- Vertical section showing channel n;ravel bar comprising 
sand supported conn-lomera te facies(S-cg), 3urajdeval 
For"iation, 7 Km no^ th^ f^est of Chotila on Chotila-
Than road. 
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^2t lye Channel s . 
^he p a ^ , , crossbedded (Sp; 
may be attriK, . Sandstone in t-h 
a t t r i bu t ed to . i , , , , , ^ ^ 
- a h n e s t o c , a95 5, Ha^^ et al . ^ ^ ^ ^ ''^^^ - ^ 
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^' «ein and Walker, 1977, ^ ^^^^ 
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surfaces a r . f a d e s ; a^e th„ 
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— ° - . . . . . _ . : ; r " ^ - - - - s e a . 
or dunes (cr,i i • 
^Collanson, 1970; 
Smith, 1971; megaripples (Karcz, 197 2; Singh and Kumar, 1974J 
and lunate bars (Allen, 1963,* Reineck and Singh, 1980) . 
Likewise, a solitary set of trough crossbeds may be interpreted 
as of transverse bar origin (Smith, 1970J, a scoure fill in 
front of a dune (Harms and Fahnestock, 195 5), or of a small, 
local channel. At places St facies shows a decreasing scale 
from base to top diagonally to oppositely oriented foreset 
pattern. The large scale trough crossbedding with thickness 
averaging 10-20 cm, occurs in the lower part of the sequence, 
with foreset orientation more towards west-southwest, whereas 
medium scale (5-20 cm) St facies occurring in the upper part 
in a vertical section, exhibits orientation commonly towards 
northwest, suggesting that these trough crossbeds are formed 
by two depositional current systems, one that flowed mostly 
from land towards sea (i.e. from NE-SW; and the medium scale 
trough crossbedding showing orientation towards west-northwest, 
and may be attributed to longshore currents. 
The interbedded assoablage of white to clean white, medium 
to fine grained sandstone characterised by Sh, S-hb, S-hcs, and 
Sfz facies, occurring in the upper Surajdeval and the succeeding 
Ranipat Formation, is genetically significant. Horizontally to 
gently inclined Sh facies may be interpreted as the product of 
upper flow regime plane bed (Reading, 1978," Collinson and 
Thcxnpson, 1984). Sh facies commonly showing parting lineation 
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may be a t t r i b u t e d to beach deposits and/or sandy shoals 
(Reineck and Singh, 1980, p . l 2 0 ; . S-hb facies of the Ranipat 
Formation shows, opposi tely to diagonally or iented crossbedding 
f©resets (Fig. 21^ which i s most diagnost ic of t i da l currents 
(Reading, 1978, p.235K The S-hb facies may have formed in 
i n t e r - t i d a l and shallow subt idal environment (Clifton and 
Thompson, 1978K Klein (1970J has demonstrated tha t during 
the change from the spring to the neap stage of a lunar t i da l 
cycle, as the depth of scoure decreases, the veloci ty spectrum 
changes, and v e r t i c a l l y stacked herringbone-crossbedding i s 
preserved, bounded by t runcated surfaces, ca l led reaction 
surfaces (Collinson, 1969,* Klein, 1970J . The hummocky cross-
s t r a t i f i e d sandstone fac ies (S-hcsj occurs loca l ly in the 
Surajdeval Formation i s interbedded in the shale or mudstone 
( f l , fmj (Fig. 22aJ and associated with S-hb f a c i e s . Most of 
the authors have in fe r red an or ig in of S-hcs due to powerful 
oscillatory-dCMninated or mul t id i r ec t iona l flows (Write and 
Walker, 1981,* Dott and Bourgeois, 1982,* Harms e t a l . , 1982,* 
Hunter and Clif ton, 1982,* Walker e t a l , , 1983,* Leckie and 
Duke, 1984j . Despite uncer ta in ty regarding the dynamics of 
formation, hximmocky c r o s s - s t r a t i f i c a t i o n i s now widely regarded 
as perhaps the bes t i nd i ca to r of a storm influence in ancient 
sedimentary sequences (Duke, 1985J, The p a r a l l e l and low 
angle lamination and hummocky c r o s s - s t r a t i f i c a t i o n grade 
l a t e r a l l y i n to each o t h e r . Sfz fac ies i s ccMnmonly associated 
with Sp and St f a c i e s . Coleman and Gagliano (1965) in terpre ted 
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t h i s s t ruc tu re to have formed in marine del ta and Coleman 
(.1966; in the lake bottom sediments. 
Vertical_Accretion_Overbank_peposits 
Carbonaceous shale , red shale with minor amount of 
s i l t s t o n e (froJ occurring in the Than and Surajdeval formation 
i s a t t r i bu t ed e i the r to v e r t i c a l accretion deposits of flood 
or de l t a p la in (Allen, 195 5a,* Fisher e t a l , , 1969J, or i n t e r -
t i d a l f l a t s (Tankard and Barwis, 1982), or t o the deposits 
of a lake or swamp, t ha t shallowed per iod ica l ly and allowed 
plants (carbonaceous shaleJ to become rooted. The clays and 
f ine s i l t s (Fig . 19j deposited in quiet , open water areas 
may be f ine ly laminated, but more commonly they are s t ruc -
t u r e s , may be due to b ioturbat ion (Reading, 1978, p . l58K 
In humid and sub-humid areas these f i n e - s i l t y sediments are 
often r ich in organic matter , including p lant debris washed 
in by r i v e r s , giving r i s e to carbonaceous s h a l e . Likewise, 
the red-shale (fm) (Fig, 19), may be accumulated in back 
swamps or in a protected environments such as lagoon behind 
a b a r r i e r i s l a n d (Chafetz, 1978) in t rop ica l to semi-arid 
c l ima te . 
Small-scale (Sr) crossbedding may be produced by 
migrating cuspate r ipp les (Boothroyd, 1985, p .473) . Both 
sand waves and megaripples e x i s t on the i n t e r - t i d a l 
por t ions of f lood- t ida l de l t a of lagoonal e s t u a r i e s . 
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whereas megaripples are the type of bed form tha t predcsminates 
on ebb-t idal de l tas (Boothroyd, 1985J . Linear and Cuspate 
r ipples are found in both environments (Boothroyd, 1985J, 
depending upon the s ize of t i d a l c u r r e n t s . 
Local Carbonate_Shoals 
An abundant marine macrofauna of gastropods and bivalves , 
and small coral banks occurring in the Wadhwan Formation, 
provide evidence of marine incur s ion . The massive s t ruc tu re -
l e s s character of coarse pebbly sandstone may be in te rpre ted 
as shee t - l ike deposits of f luv ia l channels entering a shallow 
sea (Hayward, 1983). The calcareous lenses of coral banks 
may ind ica te onshore marine ingression with some reworking 
by wave processes (Clifton, 1973J. 
Chapter III 
PAL;EOFLOW_ANALYSIS 
Pal.eocurrent studies have received a great deal of 
attention by sedimentologists during the last three decades 
or so because of their increasing importance in basin 
analysis. Reconstruction of river morphology and their 
hydrodynamics in ancient deposits has also been engaging 
the attention of sedimentologists in recent years for a 
fuller understanding of depositional systems. 
The art of paleocurrent analysis was invented by the 
quietessential nineteenth-century English amateur, Henry 
Clifton Sorby, who published his first paper on the subject 
in 1852. Rubey and Bass (1925, p.3) got the first credit 
to have actually plotted crossbedding measurements on a map. 
McKee (1940), Potter and Olson (19 54), Olson and Potter 
(19 54), Tanner (1955), Petti John (19 57) and his students 
(Pelletier, 1958,* McBride, 1962), Hamblin (1958), Wurster 
(1958) and others are among the pioneer workers of the paleo-
current study. In recent years Potter and PettiJohn (1963, 
197 4), Smith (1972), Picard and High (1973), McKee (1966), 
Bigarella (1970, 1971), Klein (1970) and Miall (1976, 1984, 
p.256) have given detailed and (or) critical accounts of 
this method. In India, paleocurrent studies have been 
undertaken in considerable details during the past decade 
particularly on the Late Paleozoic Lower Gondwana sequence 
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of peninsular India (Casshyap, 1970, 1973, 1977, 1982/ 
Casshyap and Qidwai, 1971,* Kvunar and Casshyap, 1982,' Casshyap 
and Tiwari, 198 4,* Casshyap and Kumar, 1986) . 
However, the Mesozoic Gondwana rocks of Saurashtra 
have not been adequately studied so far. Preliminary work 
by Bhandari and Kumar (1970), based on sporadic measurements, 
yielded local paleocurrent directions of the Dhrangadhra 
Sandstone towards southwest. Casshyap et al ., 1983, reported 
a generalised paleodrainage of Mesozoic rocks of Gujarat. 
It was, therefore, most appropriate that a well designed 
extensive work should be undertaken to determine paleocurrent 
over a large part of Saurashtra and other parts of Gujarat. 
The proposed study aims at determining the paleoflow direction 
of the formations constituting the Dhrangadhra Group, out-
cropping over an area of about 1800 sq km. The study attempts 
to evaluate the following aspects of sediment transport and 
depositional agency in relation to the various stratigraphic 
formations as recognised in the Dhrangadhra Group of rocks 
as referred to earlier I 
(i) paleoflow direction through space and time, 
(ii) paleoslope and shoreline distribution during Mesozoic 
time, 
(iii) location and composition of provenance - which shall 
be discussed in Chapter IV. 
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METHOD OF STUDY AND DATA PROCESSING 
A heirarchical sampling plan modified after Potter and 
Olson (19 54;, Potter and PettiJohn (1974J, was followed to 
suite the object of this study. Thus instead of dividing 
the area into increasing sampling size from outcrop, sector, 
subarea, to formation, the data were recorded and treated 
statistically first at outcrop level, and then at formation 
level, after combining the data at all outcrops. To evaluate 
areal pattern of paleocurrents, the data from individual out-
crops were pooled together for the whole formation without 
regard to facies, and treated graphically and statistically 
separately for Than, Surajdeval, Ranipat and Wadhwan formations 
Foreset dip azimuths were recorded for large- and small 
scale, planar- and trough crossbedding separately. Dip 
azimuths of planar crossbeds were recorded directly on exposed 
surfaces of f ©resets,* bi-planar method of Potter and Petti John 
(1963, p.77; was followed on outcrops where a suitable single 
surface of planar foreset was not exposed in vertical sections 
(a-c planej. Trough foresets selected for measurements were 
those exposed in crescentric outline on bedding surface (a-b 
plane;. About 8-32 readings from crossbedded units were 
recorded at each outcrop, depending upon the local variability 
of foreset azimuth as per sampling plan. The spacing between 
different outcrops was determined largely by the availability 
and accessibility of suitable outcrops. However, care was 
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taken to cover the strata both stratigraphically and 
laterally, as far as possible within the available means. 
The paleocurrent study is based on 3 542 readings of 
Dhrangadhra group of foinnations,* their fonnation-wise break-
up is given in Table 3. No tilt correction was applied to 
azimuthal data as dips in the study area, generally speaking, 
do not exceed 8 degrees. 
PALEOFLOW RESULTS AND INTERPRETATION 
The foreset dip azimuthal data were treated both graphi-
cally and statistically (Potter and PettiJohn, 1977, p.98) at 
outcrop and formation level, separately for large and small 
scale, planar and trough crossbedding as and where developed 
in each formation. Computed statistics including vector mean 
(8v^ and vector magnitude in percent (LJ is recorded in 
Appendix II for data at outcrop level, as also in Table 3 
for those at formation level, respectively for Than, Surajdeval, 
Ranipat and Wadhwan formations. Standard deviation and variance 
were not calculated at outcrop level owing to small sample size 
of rarely more than 30 readings, 
In view of the known genetic relationship between the 
primary directional features and the prevailing current 
system (Potter and PettiJohn, 1963^, the results so obtained, 
indeed, can be appropriately interpreted for reconstructing 
paleoflow system through space and time. 
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TABLE 3 . FORMATION LEVEL STATISTI'CS OF CROSSBEDDING AZIMUTHS 
OF THAN, SURAJDEVAL, RANIPAT AND WADHWAN 
Vector Vector Vari- Standard 
Mean 
Number 
of 
readings (9vJ ngth 
iU) (in (L%j 
degrees) 
stre- ance Devia-
(S^j tion 
(s; 
(in 
degrees) 
Planar crossbedding 
Trough crossbedding 
WADHWAN FORMATION 
9 8 
3 4 
2 2 4 
2 2 4 
8 0 . 3 9 
9 0 . 0 8 
1297 
706 
3 6 . 0 2 
2 6 . 5 7 
RANIPAT FORMATION 
Large scale planar crossbedding 
Small scale planar crossbedding 
Large scale trough crossbedding 
Small scale trough crossbedding 
557 
6 9 3 
237 
1 8 4 
226 
302 
271 
3 56 
8 7 . 5 3 
5 4 . 7 3 
7 5 . 3 3 
7 7 . 0 9 
86 3 
37 41 
1 8 4 4 
286 5 
2 9 . 3 9 
6 1 . 1 6 
4 2 . 9 5 
5 3 . 5 2 
SURAJDEVAL FORMATION 
Large scale planar crossbedding 396 
Small scale planar crossbedding 27 4 
Large scale trough crossbedding 327 
Small scale trough crossbedding 185 
246 
26 4 
266 
303 
7 0 . 3 0 
6 2 . 5 0 
7 8 . 0 1 
8 7 . 1 5 
2315 
3 289 
1596 
896 
4 8 . 1 1 
5 7 . 3 5 
3 9 . 9 5 
2 9 . 9 3 
Upper part 
Lower part 
Wankaner Area I 
63 
77 
1 9 1 
308 
9 2 . 9 8 
9 1 . 7 9 
478 
56 5 
2 1 . 8 8 
2 3 . 7 8 
Large scale planar crossbedding 
Small scale planar crossbedding 
Plcinar crossbedding 
Trough crossbedding 
 46 221 
 7 8 292 
THAN FORMATION 
127 267 
166 278 
9 4 . 1 8 
6 2 . 0 6 
8 0 . 9 7 
7 8 . 1 0 
399 
7 6 2 
1363 
1 5 8 1 
1 9 . 9 7 
2 7 . 6 2 
3 6 . 9 2 
3 9 . 7 7 
Total 3542 
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In the basal Than Formation, comprising sandstone, shale, 
carbonaceous shale and coal, foreset azimuthal data for large 
scale planar and trough crossbedding were treated graphically 
and statistically both at outcrop and formation level, after 
pooling the entire data from all outcrops. 
Crossbedding azimuths display unimodal distribution in 
most outcrops and locally bimodal distribution as is evident 
from scxne typical samples of rose diagrams shown in Figure 
25,A-B, with the principal mode directed towards west-south-
west (240°-270°J through west-northwest (270°-300°j; to north-
west (300°-330°J in different localities,* subsidiary modes of 
bimodal distribution are like-wise directed toward west-
southwest and northwest,, and secondary mode towards northwest 
(300 -330 ) wherever developed. The arrow heads in the paleo-
current map in Figure 25,A-B demonstrate vector mean (9v) 
direction at outcrop level,* its length corresponds to magni-
tude of resultant vector in percent (vector strength = LJ as 
listed in Appendix II. Vector mean which are directed 
commonly within a range from west-southwest (268 ) through 
west-northwest (30 4 ), may be diagonally apart toward south-
west and northwest in places of bimodal distribution especially 
in trough crossbedded units (Fig, 25,B). 
The total pooled data for planar (127 J and trough 
crossbedding (166 J were plotted as rose diagrams at formation 
THAN FORMATION 
l i 
(A) 
PLANAR CROSSBEDDING 
_ n z 9 
e v r 2 6 8 * 
L = 8 5 % 
B^  • 
^ 
6) 
n r l O 
0 V r 2 7 5 ° 
Lr91°/o 
_n = 6 
ev=245° 
L = 9 6 % 
n = 7 
eV3255° 
L r 92 7o 
(B) TTT 
TROUGH CROSSBEDDING 
n r 8 
e v r 3 0 4 ° 
L r 9 6 % 
_n=7 
ev r285° 
L = 88«/o 
(2) n=6 
ev-305° 
L r 9 6 % 
N 
(7) 
(3) 
•/.Xi^) 
- 0 3 5 , 0 7 = 2 4 3 ° 
L r 9 6 % 
n r ? 
e v r 2 4 2 ° 
L r 9 6 % 
:7(16) 
Fif5.25 A s e t of rose diagrams shovring some t y p i c a l p a t t e r n s of 
p lanar and trough(Sp & 3 t ) crossbeddini^ az inu ths a t outcrop 
l e v e l in Than sands tone ; A, Planar; B, Trough c rossbeddinp . 
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level with computed statistics (Table 3 J shown alongside 
(Fig. 26j. The azimuthal data at formation level display 
unimodal distribution for planar crossbeds with modal class 
oriented toward west-southwest (2 40 -270 ), but bimodal 
locally in the case of trough crossbeds with the two modal 
classes oriented transversely toward southwest (240 -270°) 
and northwest (300 -330 ) (Fig. 26 J. Vector mean azimuth is 
267 in the former and 2 43 and 321 in the latter,* their 
variance is 1363 and 1581, respectively. Evidently, the 
paleoflow pattern so deduced suggests a dominant role of 
west-southwest directed depositional current in sediment 
dispersal/ and a subsidiary role of northwesterly paleo-
currents. The southwesterly paleocurrent system, apparently, 
was sea-ward directed, normal to the nearby shoreline, whereas 
the diagonally oriented subsidiary system toward northwest 
may correspond to longshore currents parallel to the inferred 
shoreline in the study area during the deposition of Than 
sediments. 
Surajdeval Formation 
The succeeding Surajdeval Formation, characterised by 
medixim to coarse-grained, profusely crossbedded sandstone, 
is pink to grey, to clean white in places. As stated earlier, 
the formation exhibits recurring fining-upward cycles, with 
cross-bedded sandstone bodies forming lower part and muddy-
ripple-laminated siltstone upper part. 
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Frequency distribution of crossbedding azimuths for 
some typical outcrops of the Surajdeval sandstone for large 
and small scale, planar and trough crossbedding foresets, 
is shown as rose diagrams in Figure 27,A,B,C, D. There are 
some differences in the frequency distribution of planar 
and trough crossbeds. Large planar crossbedding commonly 
exhibits unimodal distribution with modal class oriented 
westward (240*^-270°; and northward (330°-360°); locally 
bimodal distribution shows southerly (180 -210 ) and westerly 
(240°-270°; modes (Fig. 21,A). Small scale planar cross-
bedding, however, display unimodal to bimodal distribution 
commonly, with primary and secondary modes directed toward 
west-southwest (240°-270°J, west-northwest (270°-300°J, or 
northwest (300 -330 ) , and in places toward north-northeast 
(0-30 ) , as shown in Figure 27,B. Similarly, large and 
small trough crossbedding yield unimodal to bimodal distri-
bution with modal class directed west-southwest and north-
west (Fig. 27,C,D), The bimodal distribution of planar and 
trough crossbedding occurs more commonly in the area around 
Dhaduka and Wankaner in the western part of the study area. 
Vector mean direction for large and small scale planar and 
trough crossbeds at outcrop level shows a wide span of 
distribution ranging from south-southwest (200°J, through 
west (26 5 ; to north-northwest (3 45 ) as recorded in 
Appendix II, and is evident from paleocurrent maps in 
Figure 28,A, B. 
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Fig.27 Set of rose diagrams of crossbedding foreset azimuthal data of 
some selective outcrops of large- and small scale planar (A,C) 
and trough(B,D) crossbeds of Surajdeval Formation. Number 
in parenthesis indicates number of outcrop. 
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LARGE SCALE TROUGH CROSSBEDDING 
SCALE 
SMALL SCALE TROUGH CROSSBEDDING 
SCALE 
Fig. 28 B Arrows showing vector mean assimuths of large and small scale 
trough crossbeds at outcrop level in Surajdeval Formation, 
The current roses based on pooled outcrop data. Figures 
by the side of arrows indicate number of outcrot) examined. 
eo 
The foreset azimuthal data from all outcrops lumped to 
yield data at formation level for large and small scale, 
planar and trough crossbedding, were plotted graphically as 
rose diagrams shown as inset in Figures 28,A,B/ the corres-
ponding statistics including vector mean, variance, standard 
deviation as listed in Table 3 are shown alongside. Interes-
tingly, foreset azimuths at formation level display bimodal 
distribution for most large scale planar and trough crossbeds 
(Figs. 28,A,Bj, with principal and subsidiary modes oriented 
respectively towards southwest (210 -240 ) and west-northwest 
(270 -300 ) , By contrast, small scale planar and trough 
crossbeds show distinctly unimodal distribution with modal 
class oriented toward west-southwest (240 -270 ) and north-
west (300°-330°;, respectively (Figs. 28,A,B}. Generally 
speaking, vector strength (L) is of high magnitude (upto 97%) 
at outcrop level and seldom lower than 60%, but decreases 
(87-62%J at formation level, signifying greater consistency 
of depositional system in small area of outcrop size than in 
large area of formation level. 
The corresponding variability (variance) around vector 
mean direction for large and small planar crossbeds ranges 
from 2315-3289, and for trough crossbeds from 896-1596. For 
the same depositional system higher variance has been reported 
for planar crossbeds than for trough crossbeds (Dott, 197 3) 
because of frequent development of different types of sand 
bars-transverse, diagonal, longitudinal etc. like in braided 
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river systems. The bimodal pattern of crossbeds in Surajdeval 
sandstone, lower values (60%; of vector magnitude, and higher 
variance may imply large azimuthal dispersion in selective 
areas (particularly around Wankaner and Dhaduka) due perhaps 
to intermixing of nearshore coastal environment including 
delta distributaries, tidal and longshore currents. 
Ranigat Formation 
Unlike the underlying Surajdeval, the Ranipat Formation 
predominantly consists of white, earthy to pink coarse, 
medium to fine-grained crossbedded sandstone and alternating 
thin siltstone and shale exhibiting recurring fining-upward 
cycle. 
Rose diagrams in Figure 29,A,B,C,D, show frequency 
distribution of crossbedding azimuth for some typical outcrops 
of the Ranipat sandstone for planar and trough crossbedding 
of large and small scale. Large scale planar crossbedding 
shows mostly unimodal distribution with modal class commonly 
oriented south-southwest (210°-240°; or southwest (240*^-270°). 
Small scale planar crossbedding displays, however, unimodal 
to bimodal distribution with primary and secondary modes 
more or less transversely apart I toward south (180°-210°}, 
through south-southwest (210 -240 }, and west-northwest 
(270 -300 ;, respectively as shown in Figure 29,A,B. Trough 
crossbedding of large and small scale, likewise, displays 
unimodal to bimodal distribution with modal class directed 
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southwest or north-northwest (Fig. 29, C^ ,* primary and 
secondary modes of bimodal d i s t r i bu t ion are diagonally to 
opposi t ly d i rec ted (Fig, 29,D), 
Signi f ican t ly , the south-southwest (180 -210 ) or 
north-northwest (330 -360 ) o r iented modal c lasses are very 
common espec ia l ly in small sca le planar and trough crossbeds. 
Vector mean d i rec t ion at outcrop l eve l , by and large , ranges 
from south (203* J^ through west (27 4 ; on the one hand, and 
north-northwest (3 50 ) to nor th-nor theas t {1 ) on the other 
(Appendix 11^, as shown in paleocurrent maps (Figs. 30,A, B,C,Dj 
The e n t i r e foreset azimuthal data were pooled separately 
for each type of crossbeds and p lo t t ed as respect ive rose 
diagrams shown as i n se t s in Figures 30,A,B,C,D including 
t h e i r computed s t a t i s t i c s as l i s t e d in Table 3 . The foreset 
azimuths exhib i t more or l e s s a unimodal d i s t r ibu t ion at 
formation leve l for both planar and trough crossbeds of large 
and small s c a l e . Modal c lass l i e s general ly towards south-
west (210*^-240°; and west-northwest (270°-300°), as well as 
i s d i rec ted toward north-northwest (330 -360 ) in the case 
of small sca le trough crossbeds . Vector s t rength (D i s 
commonly of high magnitude (upto 91%) a t outcrop level with 
a few exception of lower values , but decreases to 8 4-54% at 
the formation l eve l , s ignifying grea te r consistency of 
current vectors a t outcrop leve l than at formation l e v e l . 
Crossbedding v a r i a b i l i t y (variancej around mean for large 
and small planar crossbeds var ies from 863-37 41, and for 
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trough crossbeds from 1844-286 5. 
The diagonally/oppositly oriented modal classes of 
crossbeds at various outcrops of Ranipat sandstone are 
genetically significant and may correspond to ebb tidal and/ 
or delta distributary systen directed toward southwest or so, 
and longshore/flood tidal currents parallel to or across the 
shoreline toward northwest and northeast, as discussed later. 
An analysis of sediment dispersal pattern of Wadhwan 
sandstone was carried out on a limited number of outcrops 
(7) of planar and trough crossbedded sandstone, because of 
overall paucity of exposures. The scant data on crossbedding 
orientation (132J provides only a generalised trend of 
sediment dispersal. 
The vector mean and vector magnitude of crossbedding 
azimuth ccwnputed at different outcrops of Wadhwan sandstone 
(Appendix II, Table 3) and plotted in Figure 31, reveal a 
southwesterly pattern with a high vector magnitude (98%). 
The entire data from all the seven outcrops, like Than, 
Surajdeval and Ranipat sandstones, were lumped separately for 
planar and trough crossbedding and plotted as rose diagrams 
at formation level (Fig, 31, inset), with corresponding 
statistics listed alongside. The foreset azimuth display 
a well defined preferred unimodal distribution in either 
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case, with modal class oriented toward southwest (210°-240°j. 
Southwesterly direction of sediment transport is genetically 
interesting, in that the Wadhwan sandstone locally encloses 
lenses of fossiliferous limestone. 
SIGNIFICANCE OF BIMODAL CROSSBEDDING 
Crossbedded sandstone showing bimodal distribution of 
foreset azimuth occur occasionally in all the formation of 
Dhrangadhra Group, as referred to above. The bimodality of 
crossbedding foresets in sandstone sequence calls for a 
detailed study in order to understand its genetic implication 
as is indicated earlier. One of the best outcrops showing 
bimodal distribution of crossbedding occurs in an outcrop of 
channel sandstone body in the Surajdeval Formation near 
Dhaduka village some 15 km on Chotila - Surendranagar road, 
N ati on al Hi ghway. 
A plane-table survey of the above channel sandstone body 
outcropping near Dhaduka village was carried out in order to 
map its areal pattern and geometry over a stretch of about 
400 m (Fig, 32). The survey brings out a sinuous channel 
pattern of this sandstone body, and its dominant directional 
components of depositional system, as also of the \inderlying 
sequence. Scatie 140 readings of crossbedded foresets which 
are profusely developed in the given sandstone body were 
measured at 20 spots located in the survey figure. The rose 
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diagram of grouped azimuthal data and computed vector mean 
direction plotted as arrow head at each sampling locality, 
indicate mean direction of the prevalent depositional system 
for the upper and lower sandstone bodies of the given section. 
When critically examined, the channel sandstone body and 
those of the underlying section provide an example of inter-
related but distinctive depositional systems from lower to 
upper part of the exposed section of Surajdeval. 
Small scale planar crossbedding in the lower sandstone 
beds of the underlying section exhibits a mean orientation 
(ev^ towards northwest (308 + 9 1 ), whereas large scale cross-
bedding of channel sandstone body in the upper part yields a 
mean orientation toward south-southwest (191 + 92 ) as is 
evident from the respective graphic plots and arrow heads 
(Fig. 32,A,B,CJ . 
The upper channel sandstone body exhibiting mean direction 
of depositional system toward south-southwest may be attributed 
to delta distributary and/or ebb-tidal currents, whereas, the 
underlying sandstone bodies showing mean direction toward 
northwest (308 + 91 ) may correspond to longshore current. 
Significantly, the former sandstone display a sinuous geometry 
and is buff to brown and medivun to fine grained, whereas the 
latter thinly bedded white, is medium grained well sorted 
sandstone, A more or less similar paleoflow pattern has been 
deduced in the Wankaner area some 45 km towards west where 
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large scale planar foresets show mean orientation towards 
south-southwest (221 ± 9A ) and small scale planar crossbeds 
show mean flow toward northwest (292 + 62 J (Fig. 33j. 
Associated with crossbedded sandstone and muddy laminated 
red shale, occasionally, occur thin beds of sandstone charac-
terised by planar herringbone type crossbedding in the upper 
part of the formation,* their foreset orientation roughly 
indicate a bimodal (33 4 + 57°, 185 + 88°; flow pattern, with 
corresponding means of two sub-population directed toward 
185 + 85° and 33 4 + 57°, respectively. The bimodal pattern 
of crossbedding foresets, low values of vector magnitude 
(L = 57%J, and high value of standard deviation (S = 57 J and 
2 
variance (S = 3289) imply large azimuthal dispersion and 
corroborate multidirectional current system of coastal environ-
ments (Klein, 1970, 1985J. 
The overlying Ranipat Formation which is characterised 
by white coarse, medium and fine grained crossbedded sandstone, 
locally interbedded with sets of herringbone-crossbedding, 
likewise, display a bimodal distribution of foreset azimuths 
with the two modal classes oriented respectively southwest 
(210-240°) and toward northwest (330-360°) to northeast 
(0-30 ) in places, 
CONSISTENCY OF PALEOFLOW AND PALEOSLOPE THROUGH TIME 
For a temporal analysis of directional data in order to 
deduce the consistency of paleocurrent pattern or lack of it 
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CROSSBEOOINGS 
Fig. 33 Rose diagrams showing mean flow orientation of large and small 
scale planar crossbeds in Wankaner area of Surajdeval Formation. 
Vertical section alongside show association of interbedded 
sandstone and shale. 
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from base to top of the Dhrangadhra Group, the entire foreset 
azimuthal data for large and small scale crossbeddings, were 
treated separately for each formation, both graphically and 
statistically without regard to crossbedding types. The rose 
diagrams and corresponding statistics in Figure 3 4 bring out 
pictorially the consistency in paleocurrent pattern in the 
Dhrangadhra Group from Than at the base to Wadhwan at the top. 
Evidently, the unimodal paleoflow pattern as deduced 
from large scale crossbedding throughout the strata is consis-
tently directed toward south-southwest (210 -2 40 ) and west 
(270°-300°;, with corresponding grand mean toward 27 4 , 255 , 
237*^ , 224°, respectively for Than, Surajdeval, Ranipat and 
Wadhwan formations. However, for small scale crossbedding 
as recorded in Surajdeval and Ranipat modal class and mean 
paleoflow are directed toward west-northwest (270 -300 ) , to 
northwest (300 -330 ) . Thus, it is evident that the Mesozoic 
Gondwana sediments from Than to Wadhwan were brought to the 
basin of deposition largely by streams and/or distributaries 
which flowed dominantly and consistently from northeast to 
southwest (i.e. from land toward seaJ, with occasional 
dispersal and redistribution by northwesterly to northerly 
oriented longshore and/or tidal currents of the near by 
coastal environment, particularly so during Surajdeval and 
Ranipat formations, as shown schematically in Figure 3 4 
(insets. 
The consistency of paleoflow implies that the streams/ 
93 
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Fig. 3^ Hose diagrams showing mean paleoflow through time in the various 
formations of Dhrangadhra rocks based on pooled data from large 
and small scale crossbeddings, Inset shows t-'iesozoic paleoslope and 
possible shoreline vis-a-vis study area. 
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distributaries of the depositional system followed a paleo-
slope which, likewise, remained unchanged directed from 
northeast to southwest throughout the course of sedimentation 
in the study area. The paleocurrent study further reveals 
that the variance and standard deviation of depositional 
2 
agency (river system) was the lowest for Than (S = 1489,' 
SD = 38°;, moderately high for Surajdeval (S = 2068-2524,' 
SD = 45°-50°;, and higher still for the Ranipat (S = 1636-
327 4,' SD = 46°-57°;. Pryor (1960, p.l490; has emphasized 
that 'probably the most important factor controlling the 
variance and standard deviation of dispersal pattern is the 
amount of slope of the depositional surfaces - the greater 
the amount of slope the smaller the variance and standard 
deviation'. By implication, it is likely that the slope of 
the depositional basin gradually became gentle as the 
sedimentation progressed from Than through Surajdeval to 
Ranipat, so also probably the distributary channel pattern 
of the depositing streams. 
Chapter IV 
PETROGRAPHy_AND_HEAVY_MINERALS 
The petrographic study of Mesozoic Gondwana rocks of 
Saurashtra has been locally undertaken mainly on the 'Dhrangadhra 
Formation' (Srivastava, 1973,' Srivastava et al., 1980). Except 
for the above study, there is no published reference to the 
petrography of the Mesozoic rocks from the area under study. 
The present study aims at examining the following aspects I 
(i) texture and mineralogy of Dhrangadhra group of rocks (namely. 
Than, Surajdeval, Ranipat and Wadhwan formations),' and (ii) heavy 
mineral composition. Besides classifying the sandstone petro-
graphically, the textural and mineralogical characteristics 
should decipher the potency of formative processes, conditions 
of deposition, including the provenance of the Dhrangadhra cind 
Wadhwan sediments which is discussed separately in Chapter V. 
GRAIN SIZE ANALYSIS 
Grain size attributes have been widely used for evaluating 
sediment properties and interpreting conditions and environment 
of deposition of the late Paleozoic Lower Gondwana sequence of 
peninsular India (Srivastava, 1961,* Qidwai, 1971,* Casshyap and 
Qidwai, 1973,* Ghose and Mitra, 197 5,* Qidwai and Casshyap, 1978; 
Khan, 1978,* Tewari, 1980,* Casshyap, 1981,* Kumar, 1983). The 
Mesozoic sandstones of Saurashtra have not been studied from 
this view point so far. 
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Because of the extreme induration and cementation of 
Dhrangadhra sandstone, disintegration by methods ordinarily 
used (Krumbein and Pettijohn, 1938j was not possible. 
Therefore, the grain size analysis was carried out from thin 
sections using petrological microscope. 55 thin sections 
were selected for this study from Than (15j, Surajdeval (15j, 
Ranipat (15-) and Wadhwan (10J formations. The apparent long 
diameter of sand-sized detrital grains including those of 
quartz, feldspar, quartzite, other labile rock fragments, and 
heavy minerals, were measured with the aid of micrometer 
eyepiece. A sum total of 250-300 grain were counted per slide 
as suggested by Friedman (1958J and considered to be satis-
factory for most routine analysis (Pettijohn et al., 1965,* 
Friedman, 1958, 1962K The spacing between points was pre-
determined for each thin section, such that the counted 
grains should cover approximately the entire area of the 
slide. The grain diameter was measured down to 0.03 mm (5$^ 
and all the material less than this limit was treated as 
'clay' or 'matrix' (Spencer, 1963K The measured data were 
grouped in half the interval of Wentworth (19 22) grade scale 
(Appendix III) and the number frequency percentage were 
recalculated as number cvimulative percentage. The recorded 
data, in Phi ($J units, were plotted as cumulative curves 
separately for each sample on arithmatic graph paper. The 
grain size data from these sections for a few samples were 
converted into sieve size equivalent directly on the graph 
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paper evolved by Friedman (1958J, but the conversion did not 
provide any significant difference other than that of a 
fraction of Phi ii) interval. The grain size analysis was, 
therefore, carried out directly using thin section data. 
Relevant statistical attributes of grain size distribution 
for each sample were calculated and interpreted following 
Folk and Ward {19 51). The results are recorded in Appendix IV. 
Cumulative plots illustrate the grain size distribution 
of each formation, such that each plot is based on average 
data of 3 to 4 samples as shown in Figure 35. Their statistical 
attributes defining the grain size characteristics are listed 
in Appendix IV. 
Grain_size_characters 
Mean size (M ) of detrital particles of the Mesozoic 
sediments, stratigraphically, from base to top is as follows I 
Wadhwan (0.48-1.06*,* 0.716-0.469 mm J 
Ranipat (1.00-1.40$; 0.5-0.378 mm J 
Surajdeval (1.96-2.23$; 0.257-0.213 mm; 
Than (2.33-3.09$; 0.198-0.117 mm) 
The study shows a progressive increase in diameter from 
Than (0.198-0.117 mm) through Surajdeval (0.257-0.213 mm) and 
Ranipat (0.5-0.378 mm), upto Wadhwan (0.716-6.469 mm). 
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F i g . 55 Cumulative p l o t s shotting g r a i n s i ze d i s t r i b u t i o n i n d i f f e r e n t 
formations of the Bhrangadhra group of r o c k s . Each p l o t i s an 
average of 3 to 4 samples a n a l y s i s . 
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Furthermore, sandstone samples of each formation are 
commonly moderately to well sorted (0.52-0.84^;, as per 
sorting classification after Folk and Ward (1957 J. Skewness 
values are generally positive { + ) in Than (+ 0.11^ and 
Surajdeval (+ 0.117 J representing excess of fine admixture 
over coarse, as against Ranipat and Wadhwan where skewness 
is negative i-) in most samples (-0.152,* -0.19J implying 
excess of coarse (sandJ admixture over fine. Overall, the 
Dhrangadhra sandstone is meso-to leptokurtic (KGt 0.90-1.14), 
to very leptokurtic (KGll.51). Some samples are locally 
platy-kurtic (KGI 0.83-0.90), particularly those of Than and 
Wadhwan. 
PETROGRAPHIC ANALYSIS OF SANDSTONE 
Petrographic study is based on the examination of 5 5 thin 
sections of equal number of sandstone specimens collected 
laterally and vertically from Than (15), Surajdeval (15j, 
Ranipat (15J and Wadhwan (lOj. Representative thin sections 
of each specimen were examined under Leitz-Petrological micro-
scope for the study of framework constituents (coarser than 
0.03 mmj and groundraass material comprising matrix (< 0.03 mm) 
or cement. The modal analysis of framework constituents and 
groundmass, by volume, was carried out by Swift point counter 
(Appendix V). The spacing between points along linear and 
vertical traverse depends upon size of detrital components. 
Usually 5 to 10 linear traverses with spacing of 2 to 1,5 mm 
IOC 
between them were taken for each thin sec t ion . 250 to 300 
grains per s l ide were counted following the standard method 
(Friedinan, 1958J . Groundmass of d e t r i t a l grains using rho {^) 
scale of Folk (1954J and nature of the grain contacts were 
v i sua l ly examined under the microscope. Types of d e t r i t a l 
matrix and cements were d is t inguished and t h e i r r e l a t i v e 
proportions ca lcula ted by way of modal analysis (Appendix Vj. 
Diagnostic_0£tical Characters_of_Fraraework_Constituents 
The bulk of the framework cons t i tuen ts of sandstone in 
each formation i s e s s e n t i a l l y made up of quartz, comprising 
on an average 66-98% of the rock, by volume. Four types of 
quartz abound in varying proport ion, namely monocrystalline 
igneous quartz, monocrystall ine metamorphic quartz, poly-
c r y s t a l l i n e quartz, and sedimentary quar t z . Feldspar occurs 
r e l a t i v e l y in small quant i ty (1.09%-22%j,' sand sized rock 
fragments are l e s s common (0.63%-15.70%^ than feldspar 
(1.09-22%) and mostly cons is t of qua r t z i t e and cher t , with 
recognisable igneous and l a b i l e rock fragments ra re ly present . 
The framework cons t i tuen t s , d e t r i t a l matrix, and cement were 
i den t i f i ed on the bas i s of the diagnost ic op t ica l characters , 
as follows I 
Quartz 
1, Monocrystalline igneous quartz.- Monocrystalline igneous 
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quartz exhibits some typical diagnostic characters. It is 
xenomorphic, and normally shows straight to slightly undulose 
extinction (Fig. 35 J ,* inclusions usually consist of vacuoles. 
Mineral inclusions of automorphic habit sometimes occur they 
are angular to subangular, although subangular grains may 
occur in coarse (0.71 mm) and medium (0.3 4 mm) sand fraction. 
2. Monocrystalline metamorphic quartz.- Monocrystalline 
metamorphic quartz identified in the Mesozoic sandstone of 
this area, shows some typical characters such as elongate 
form and undulose to strongly undulose extinction (Fig. 37). 
They are generally subangular to subrounded, although angular 
and rounded grains are not uncommon. Sometimes mica inclusions 
are also present. 
•^  • E2iZ^£Y^^2iii22_3H5E^5 •" Previously it was a common 
assximption that nearly all polycrystalline quartz is meta-
morphic in origin. But according to Blatt (1967, p. 410 J 
'almost half of all quartz grains released from the granitoid 
rocks examined are polycrystalline'. Some typical characters 
to identify polycrystalline quartz of metamorphic derivation 
include fineness of polycrystallinity, morphological elongation 
and preferred orientation of the C-axes of the individual 
crystals in the quartz fragments, and bimodality of quartz 
grain with polycrystalline quartz fragment (Fig. 38K Poly-
crystalline quartz as here recognised is similar to composite 
quartz of Pettijohn (1975, p.200;. Most grains show a slight 
P'igure 36 
Coarse grained quartzarenite showing xenomorphic igneous 
quartz. COt-^ rser grains are suoanqular to subrounded. 
Ranipat Formation, (X30J. 
Figure 37 
bubangular to subrounded, elongate, monocrystalline meta-
morphic quartz showing undulose to strongly undulose 
extinction. 
Ranipat Fomr.ation {X60K 
Figure 38 
Medium grained sublitharenite showing angular to sub-
angular grains. 
Surajdeval Formation iX30j 
Figure 39 
Coarse to medium grained subarkosic arenite showing well 
rounded sedimentary quartz. 
Surajdeval Formation (X30j 
FIGURE 36 FIGURE.37 
FIGURE.38 FIGURE.39 
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elongation, and circular or irregular inclusions. Keller and 
Littlefield (1950J attributed such inclusions in polycrystalline 
quartz as derivation from igneous rocks. 
4. Sedimentary ^^a^^^z.- Well rounded quartz with or without 
abraded overgrowth are commonly thought to be of sedimentary 
origin. In Mesozoic sediments of the study area such grains 
are commonly found which show well rounded edges and are 
without inclusion (Fig. 39). 
Feldspars 
Among detrital feldspars, microcline showing cross-hatched 
twining (Fig. 40J is more conspicuous than orthoclase which is 
not very common as is evident from thin section study. On the 
basis of criteria laid down by Fox (1961, p.80; and Kerr (1977, 
p.SOOj, the orthoclase is distinguished from quartz under high 
power as hereunder I 
(aJ Becke line I orthoclase has distinctly lower refrective 
index than balsam while quartz distinctly higher. 
(bJ Because of its lower index, orthoclase looks very pale 
pinkish or brownish (with fracture line being bluish) 
under cross-nicols, while quartz looks pale-blue. 
(c) Most feldspar show cleavage,* quartz does not. 
(dJ Feldspar is conunonly clouded with alteration product; 
quartz is usually clear. 
Figure 40 
Kedium to coarse grained subarKosic arenite. Note coarser 
grain of microcline in the centre showing cross-hatched 
twining. 
Ranipat Formation (X30;, 
Figure 41 
Medium grained arenite with some plutonic quartz and micas 
I^ ote muscovite flake (? authigenicJ in the lower portion. 
Surajdeval Formation (X30j. 
Figure 42 
Fragment of qua r t z i t e showing indented quartz g ra ins . 
Ranipat Formation (X7 5 ) . 
Figure 43 
well rounded c h e r t . 
Surajdeval Formation (X75K 
^A 
FIGURE.40 FIGURE.41 
FIGURE.42 FIGURE 43 
lUD 
(ej Feldspar has distinctly lower birefringence. 
(fyi Orthoclase is biaxial negative with large 2v; quartz 
is uniaxial positive. 
Micas 
Muscovite and biotite are the cominon varieties of mica 
to occur in these rocks. Muscovite is colourless in plane 
polarised light with flaky appearance (Fig. 41.' and high order 
pink and blue interference colours under cross-nicols. Biotite 
shows yellow or brown colour in plane polarised light and 
marked by deep body interference colour and inclined extinction 
under cross-nicols. 
Lithic-Fragments 
Various lithic fragments have been identified on the basis 
of following petrographic characters l 
(ai plutonic rock! lithic fragments of plutonic rocks 
consist of large isometric quartz, orthoclase/lnicrocline 
and phyllosilicate minerals. 
(b-) quartzitel intensively indented quartz grains, frequently 
with undulose extinction (Fig. 42;. 
(cj chert I occur as recrystallised amorphous variety. It 
is subrounded to rounded (Fig. 43 J. 
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Sandstone_Classification 
Dott's (1964J binomial classification formulated after 
the concept of Gilbert (1954J was an advancement over previous 
classifications, in that it served to differentiate sandstones 
on the basis of textural and mineralogical maturity. Thus, 
sandstone may either belong to 'Wacke' group (matrix > 15%J or 
'arenite' group (matrix < 15%), depending upon whether the 
detrital matrix is less/absent or more. An expanded scheme of 
petrographic types was introduced by Casshyap (1967, 1969) for 
arenites and wackes, combining the earlier schemes proposed by 
McBride (1963; and Dott (1964). 
Indeed, each classification has practical utility, so 
long as it is able to define and distinguish sandstone types 
meaningfully and objectively. Hence, different workers have 
opted for different classifications depending upon their needs 
and aims. The nomenclature as proposed by Casshyap (1967, 1969; 
and referred to by Pettijohn, Potter and Siever (197 2, p.162) 
has been found to be quite purposeful particularly for Gondwana 
sandstones which lack textural and mineralogical maturity. 
This scheme of classification has also been adopted by other 
workers (Qidwai, 1972,* Khan, 1978,* Tewari, 1980,* Kumar, 1983). 
This same scheme is followed here (Fig. 44) to classify 
Dhrangadhra sandstone. Based on the amount of matrix, sand-
stones are called arenites when matrix is < 15%, and wackes 
if matrix is > 15%. Since Dhrangadhra sandstones examined in 
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t h i s study contain < 15% matrix, they belong to a ren i te groups. 
To c lass i fy the Dhrangadhra sandstone further on compositional 
maturi ty, the modal analysis of each sample recorded in 
Appendix V was reca lcu la ted (Appendix VIj to 100% in terms 
of quartz r e s i s t a t e s , feldspars and l a b i l e rock fragments and 
p lo t t ed in t r i angu la r diagram for each formation (Fig. 45a,b,c,d) 
Recalculated percentage of the quartz r e s i s t a t e s , feldspar, 
and rock fragments are p lo t t ed in triang-alar diagrams (Figs. 
45a,b ,c ,d>. Of 55 rocks, 25 belong to quar ta ren i te , 27 to 
subarkose, and 3 to sub l i t ha ren i t e as below I 
Qi^^?!tzarenite Subarkose Subl i thareni te Total 
- 10 
8 1 1 5 
9 2 15 
10 - 15 
25 27 3 55 
Framework_Constituents 
A petrographic account of the doninant framework cons t i -
tuen ts in d i f fe ren t formations i s given below I 
Quar tz . - Quartz i s the dominant mineral among the d e t r i t a l 
cons t i tuen t s of the framework comprising 80-97% in Than, 66-98% 
in Surajdeval, 79-96% in Ranipat, and 88-98% in Wadhwan forma-
t i o n s . The grains vary from very f ine (0.06 2 mm) to very coarse 
Wadhwan 
Ranipat 
Suraj deval 
Than 
10 
6 
4 
V 
5 
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Quartzartnite 
Feld«p»r 10 25*/o Ubil«RockFragm«nt» FeWtptr 10 25«/« Libllt Rock Frijment* 
WAOHWAN SANDSTONE RANIPAT SANDSTONE 
50 7» 
Quartz retittatet Quartz rct(ttat«t 
Quaririrtnitt 
Feld»par 10 25°/o Labile Rock Fragments Feldspar 10 
SURAJDEVAL SANDSTONE 
25 o/o LabUt Rock F ratmantt 
THAN SANDSTONE 
iO'/, 
F i g . 45 Pe t roc raph ic types of Dhransadhra sandstone i n Than(D), Surajdeval 
(C) , Ranipat(B) and ;»/adhwan(A). 
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(1.19 mm J in size. They are commonly subangular to subrounded 
(Fig. 43^, although coarser varieties are subrounded to rounded 
(Fig. 39^ and finer subangular to angular. Significantly, 
roundness of quartz grain improves to some extent in the Than 
and Surajdeval sandstones. Igneous and metamorphic quartz 
occur both as monocrystalline and polycrystalline varieties. 
Monocrystalline igneous quartz seldom exceeds 67%, whereas 
that of metamorphic derivation may constitute about 15 to 21% 
in Than, 3 2 to 42% in Surajdeval, 11 to 14% in Ranipat and 
26 to 42% in Wadhwan sandstone. Polycrystalline quartz, in 
general, is coarser and less rounded than monocrystalline 
quartz. Yet another variety of detrital quartz to occur in 
these sandstone is well rounded sedimentary quartz (Fig. 39 J, 
although it barely forms 2-3%, though little more in Than and 
Surajdeval (5%J sandstone, and is commonly medium (0.5 mmj to 
fine (0.21 mm) grained. 
Feldspar.- Feldspar occurs sparingly in these rocks, varying 
from 14 to 22% overall. It varies from 12-16% in Than, 14-22% 
in Surajdeval, 13-19% in Ranipat and 2-5% in Wadhwan sandstone. 
Although feldspar ranges in size from 0.84 mm to 0.14 mm, they 
occur more canmonly in coarse sand size. They are mostly 
subrounded with an admixture of subangular and rounded grains. 
Among the species are microcline, plagioclase, and orthoclase. 
Weathered microcline varies frcan 1-5% in Than, 1-7% in 
Surajdeval, 0-6% in Ranipat sandstone. Plagioclase varies 
from 0-2% in Than, 1-3% in Surajdeval, 0-5% in Ranipat and 
I l l 
0.85-2/O in Wadhwan. Or thoc lase v a r i e s from 4-10% in Than, 
0.5-12% in Su ra jdeva l , 2-8% in Ranipat and 1-4% in Wadhwan 
s a n d s t o n e s . 
Mica 
Mica form a very small proportion of the framework 
constituents and occur both as detrital (0.32-2.0%) and 
authigenic (0.5-4%J variety. Muscovite is more common among 
detrital mica whereas biotite constitutes mostly as authigenic 
mica. Detrital mica flakes are often bent (Fig. 41;; it seldom 
exceeds 2%, commonly ranging from 0.32 to 2.0%. Authigenic 
mica constitutes about 1.7% in Than, 3.2% in Surajdeval/ 4.0% 
in Ranipat, and 2.1% in Wadhwan. 
Lithic Fragments 
Sand-sized lithic fragments constitute a small proportion 
of Mesozoic rocks of Saurashtra, and mostly consists of 
quartzite and chert (Fig. A2), and ranges in size from 0.125 
to 2.0 mm averaging 0.25-0.3 5 mm. In Than, lithic fragments 
varies from 2-8%, 0.78-15% in Surajdeval, 0.63-4^ in Ranipat 
and 3-6% in Wadhwan sandstone. Recognisable labile rock 
fragments of phyllite or slate seldom occur but rarely more 
than 1%. 
zircon, garnet and opaques are the common accessory 
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mineral occurring in small quantity in Than, Surajdeval, 
Ranipat and Wadhwan sandstone. Well-shaped zircon (Fig. 36J 
and subangular to subrounded garnet are the most common 
variety in these sediments as described separately in 'Heavy 
Mineral Analysis'. 
Material which binds the framework constituents in the 
Dhrangadhra sandstone is made up of canent and/or matrix. 
Four types of cement including carbonate silica and iron oxide 
were identified and their percentage in total rock calculated 
(Appendix V). Carbonate cement is by far the most common of 
the four and consist of calcite. Carbonate has the tendency 
to widen the open spaces by replacing the framework consti-
tuents. Feldspars are commonly replaced by carbonate than do 
other minerals (Fig. 46 J . Carbonate varies in amount from 3 
to 10% in Than, 0.55 to 14% in Surajdeval, 1.9 to 13% in 
Ranipat sediments. Silica cement occurs in three varieties -
authigenic quartz, chert and opal. Authigenic quartz occurs 
locally in optical continuity with detrital quartz grains 
(Fig. Al), and also as chert forming granular mass and opal in 
spheroidal form occurs within intergranular spaces. Among 
the three varieties of silica cement, chert is more common 
than others. The silica cement varies from 0.24-5% in Than, 
1.7-9.3% in Surajdeval; 0.15-12.9% in Ranipat,* and 3.7% in 
Wadhwan sediments. Iron oxide is fairly wide spread and 
F i g u r e 46 
F i n e g r a i n e d s u b a r k o s i c a r e n i t e w i t h abundant p l u t o n i c 
q u a r t z ceaiented by g r a n u l a r groundmass of c h e r t / ? opa l 
i n i n t e r g r a n u l a r s p a c e s . 
Than Fornnation (X30J . 
F i g u r e 47 
Medium to coarse grained quartzarenite showing detrital 
quartz grain cemented by granular mass of chert/? opal 
in intergranular spaces. 
Ranipat Formation (X30J. 
Figure 48 
Coarse to very coarse grained quartzarenite cemented by 
epimatrix, 
Ranipat Formation (X30J. 
Figure 49 
Coarse to medium grained quartzarenite with authigenic 
kaolinite. 
Wadhwan Formation (X30;. 
FIGURE.46 FIGURE.47 
FIGURE.48 FIGURE.49 
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occupies lerger pore spaces (Fig. 48 J . It occurs in Than 
(0.1-7.2%j ourajdeval (0.8-15.9%;, Ranipat (0.09-12.2/o;; and 
Wadhwan (0.4-8.3%;. 
Matrix 
Three varieties of interstitial matrix are recognised on 
the basis of its occurrence, colour and relation with framework 
constituents (Dickinson, 1970; 1 
(a; Orthomatrixl Recrystallised material," it is fine-grained, 
granular, structureless, pale-brown and forms tangential 
coating on detrital grains (Fig. 43;. 
(b; Pseudomatrixl Deformed and squashed lithic fragments,' 
brown in colour, coarser than orthomatrix, having corroded 
contacts with detrital grains and occupies large pore 
spaces wherever available. 
(c; Epimatrixl Diagenetic product of alternation of clays,* 
white and cream coloured, forming dense mesh between pore 
spaces, locally appears as small booklets replacing 
feldspars (Fig. 48;. 
Kaolinite is found only in the Wadhwan sandstone (Fig. 49; 
and occurs as a diagenetic product of clay mineral. The 
diagnostic characters of kaolinite are I 
i; it occurs as radiating platelets or as piles or as in 
vermiform, 
ii; it is optically negative, 
iii; birefringence is lighter than halloysite, 
iv; kaolinite has very low grey birefingence, illite and 
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sericite don't. 
HEAVY MINERAL ANALYSIS 
The heavy minerals of the Dhrangadhra group of rocks 
have been little studied (Srivastava et al., 1980J . The 
objective of this study was to identify the heavy mineral 
species and their textural characters wherever possible as 
a contributary evidence in respect of the composition of 
source area, and in a limited way for transport and diagenetic 
processes, 
Methodology 
30 samples from Than (8j, Surajdeval {8), Ranipat {8) 
and Wadhwan {6) formations were analysed for this study. 
Because it was not possible to disaggregate rock samples by 
normal wet methods, so they were gently crushed in iron-
mortar (Folk, 1961 J. The samples so disaggregated were sieved 
on ASTM sieves and fraction finer than modal class (commonly 
0.25 mmj was used for heavy mineral analysis (Rittenhouse, 
1943J. This fraction was treated in dilute HCl and heated 
for 15 to 20 minutes to remove iron coating. During this, 
heavy mineral species like apatite etc. may have been 
dissolved (Knambein and Petti John, 1938,* Stanley, 196 5; but 
this treatment was unavoidable due to the presence of iron 
oxide coating. The samples were then washed by water to 
remove all the available acid and mud particles/fraction if 
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any, and dried in oven. 5 gms of each sample was weighed 
and used for the separation of heavy minerals. Bromoform 
(Sp. gr. = 2.85-) was used in a centrifuge machine for the 
separation of lighter and heavy detrital grains. About 1 
gram sample was poured into each of the five centrifuge tubes 
containing bromoform,' the centrifuge was then turned on and 
tubes were allowed to rotate for 10 to 15 minutes. The 
lighter minerals float over the liquid and heavier settle 
down. They were separated on a filter paper, washed, dried, 
weighed, and a pinch of grains mounted on a glass slide using 
Canada balsam for the examination under the microscope. 
Mineralogy 
The heavy residues settled on filter paper were dried 
and weighed to calculate weight percentage (wt%J of the total 
heavy mineral crop in each sample formation separately as 
listed below I 
Table 4. Weight percentage of total heavy crop in various 
formations of Dhrangadhra Group of rocks. 
Weight in gra of Weight percentage of 
Formation heavy mineral heavy mineral fraction 
residue 
Wadhwan 0 . 0 0 3 5 0.07% 
R a n i p a t 0 . 2 0 43 0.08% 
S u r a j d e v a l 0 .16 44 8.22% 
Than 0 .1506 7 .53% 
11' 
The result shows that heavy mineral concentration is 
relatively more in Than, and Surajdeval, and low to negligiole 
in the succeeding Ranipat and Wadhwan. Heavy minerals were 
studied petrographically and following mineral species were 
identified in order of abundance and illustrated in Figure 50; 
their relative amount in number frequency percentage is given 
in Table 5. 
Garnet 
Two varieties of garnet, colourless and pink, were 
identified, the former exceeding the latter. Garnet commonly 
occur as irregular fractured grains. The surface ornamentation 
(pitting, itching and fracturingJ may be inherited from source 
rocks or developed by post depositional changes, although 
hydrochloric acid (HClj during cleaning porcesses may have 
contributed some features. Garnets are subangular (Fig. 50,AJ 
in Than and subrounded or even rounded in the succeeding 
Surajdeval and Ranipat formations (Fig. 50,B^, although angular 
garnets may also occur locally indicating local contribution 
through breaking. Garnets abound in Surajdeval (31%} and 
Ranipat (24%) and decrease in Than (20%; and Wadhwan (20%) 
formations. These garnets may possibly have been derived from 
low grade metamorphic rocks, especially the crystalline gneisses 
and schists. 
Zircon 
Zircon occurs in several colours and shapes. Three 
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varieties are distinguished on the basis of colour, namely 
colourless, pale brown, and pale greenish. Some colourless 
grains of zircon may show dark brown outline. Without regard 
to composition, zircon occurs as prismatic euhedral grains, 
but eguidimensional zircons also occur. The euhedral grains 
are common in Than and Wadhwan/ Surajdeval and Ranipat sediments 
show more or less rounding of their edges and comers (Figs. 50, 
C,D,EJ, Authigenic growth and zoning (Fig. 50,F) in elongate 
forms occur sporadically in Than, Surajdeval and Ranipat. 
Unidentified mineral inclusions are sometimes present in these 
sediments. 
Euhedral zircons in sediments have been used for direct 
comparison with those of crystalline source rocks (Smithson, 
1939,* lijima, 1959,* Okada, 1961). The zircon suit of the 
given Mesozoic Gondwana sediments of Saurashtra may possibly 
have been derived from acidic to intermediate plutonic rocks 
(euhedralJ, metasediment or pre-existing sediments (second 
cycle;, the latter showing rounded to well rounded form (Fig. 
50,EJ . 
Tourmaline like zircon occurs in all the samples. Two 
varieties of tourmaline are distinguished on the basis of 
colour I dark brown and yellow, of which the former is more 
common than the latter. Dark brown tourmaline occurs in 
subsequal amount in prismatic shape (Fig. 50,GJ throughout 
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the Than, Surajdeval and Ranipat sediments/ yellow tourmaline 
occurs in irregular shape and restricted to the Wadhwan 
sediments. Euhedral tourmaline may exhibit more of less sub-
rounded edges and comers (Fig. 50,H;. Well rounded tourmaline 
is also found in these sediments. 
The tourmaline suits as recognised in these sediments 
may have been derived from pneumatolytic rocks, pegmatites, 
schist and gneisses. Brown and yellow tourmalines are mostly 
derived from metamorphic rocks (Blatt et al., 1980). 
Staurolite is fairly common in Surajdeval and Ranipat 
sediments. It shows characteristic deep yellow and brown 
colour with distinct paleochroism. Most grains are irregular 
in shape (Fig. 50,1J but may exhibit prismatic form showing 
slight abrasion, and hence are angular to subangular. They 
are largely derived from high grade metamorphic rocks 
(Pettijohn et al., 1973, p.304;. 
Rutile 
Detrital rutile is not widespread as cc«npared to other 
minerals described above, although it occurs in most of the 
samples. It is characterised by deep red to yellow colour 
and high relief. Some rutile grains are marked by dark brown 
to black outlines. They are generally angular to subangular 
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and long prismatic shape (Fig . 50,Jj lacking evidence of 
severe abrasion. These r u t i l e minerals may have been derived 
from acid igneous rocks or from c r y s t a l l i n e s c h i s t s . 
Epidote 
Epidote occurs prominently in the Ranipat, but in traces 
in the Than, Suraj deval and Wadhwain sediments. Detrital grains 
are distinguished by bright yellowish green colour and distinct 
pleochroism, though some grains are colourless. 
DIAGENESIS 
The term 'd i agenes i s ' includes a l l changes taking place 
in a sediment between deposit ion and metamorphism but excludes 
a l l weathering processes (Correns, 1939,* Bla t t , 1966,* Fuchtbauer, 
1967aJ. A d i s t i n c t i o n as to where diagenesis ends and meta-
morphism begins i s , however, debatable . Pett i john et a l . 
(1972, p.386j defined diagenesis as 'a process of chemical 
and physical changes of sediments upto the lowest grade of 
metainorphism', a lso ca l led 'auclimetaniorphism' (see Fuchtbauer, 
197 4, p,155K Diagenesis s t a r t s from the deposition of 
sediments and i t modified the shape, t ex ture as well as the 
composition of the sediment under compaction. No attempt has 
been made or sa id about the diagenesis of Mesozoic sandstone 
of Saurashtra a r ea . Based on petrographic study alone, the 
diagenesis of Mesozoic rocks of Surendranagar sandstone i s 
ca r r i ed out and ind ica ted by the occurrence of di f ferent types 
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of cement/ matrix, t h e i r i n t e r ac t ion with d e t r i t a l const i tuents 
and presence of d e t r i t a l mica. 
Carbonate, s i l i c a and iron oxide, in order of abundance, 
occur in Than, Surajdeval and in , Ranipat sandstones. Authigenic 
k a o l i n i t e and iron oxide occur in order of abundance in Wadhwan 
sandstone. Their percentage in t o t a l volume of the rock, in 
thin sect ion ranges frcsn 2.0-17.5% (kaol in i te j , ' to 0.4-8.3% 
(iron oxideJ, as already mentioned e a r l i e r . Det r i t a l kao l in i t e 
i s formed by the erosion of clays or by the erosion of 
weathering in leached ac id ic hot and hximid environment 
(Segonzac, 1970^. 
I t i s bel ieved tha t authigenic kao l in i t e may have been 
produced by the process of replac«nent of k-feldspar af ter 
decomposition by subs t r a t a l water a t shallow bur ia l stage (see 
Fiichtbauer, 1974, p . l 4 5 K Carbonate, the most abundant cement 
has a common tendency to widen the framework by replacing the 
d e t r i t a l quartz and s i l i c a t e minerals (feldspars) (Fig. 48K 
Opal occurs in many cher ts and ranges from 1.3-5,1%. Iron 
oxide or ferruginous cement, brownish in colour in plane 
po la r i sed l i g h t and dark brown or black in c ross -n ico ls , f i l l s 
the open spaces between d e t r i t a l minera l s . 
On the bas i s of the inc lus ions and sequence of replacement 
of one cement by another, i t i s possible to suggest tha t chert , 
opal are the o ldes t cements succeeded by the iron-oxide, and 
carbonate replaces a l l the other cementing m a t e r i a l s . Authigenic 
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quartz being scare does not exhibit any specific relationship 
with other. 
The origin of cement has always been an interesting 
problem ever since the geologists and petrographers became 
aware of their presence in sedimentary rocks. Van Hise (1904) 
stated that the cementing material may be dissolved in zone of 
weathering and redeposited in sands as cement. The meteoric 
or artesian water is supposed to be an important source of 
cementing material in sandstone (Pettijohn, 1975). Johnson 
(19 20J supposed that the connate water of shale which squeezed 
out due to compaction could deposit silica in available pore 
spaces of interbedded sandstones. Waldschmidth (19 41) concluded 
pressure solution of detrital silicates as a source of silica. 
The conversion of montmorillonite to illite supplies dissolved 
silica (Pettijohn, et al., 1972), just as kaolinisation of 
feldspars releases silica in solution to be reprecipitated in 
the pore spaces (Segonzac, 1970/ Fiichtbauer, 197 4) . Replacement 
of silicate minerals by carbonates is also thought to be 
contributory source of silica (Walker, 1960) . 
It is also possible that dissolved silica, derived from 
source area due to weathering of silicate rocks i.e. granite, 
granite gneisses etc., might have come in solution with the 
rivers, which deposited Dhrangadhra group of rocks, and 
redeposited in pore spaces. The petrographic study of Than, Sur-
ajdeval and Ranipat sandstones reveals that feldspars are 
widely replaced by carbonate cement (Fig. 46) and part of 
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silica in Than, Surajdeval and Ranipat sandstones may have 
been so derived. The Than, Surajdeval and Ranipat sandstone 
exhibit variable framework from condensed, normal to floating, 
showing evidence of more or less compaction. Thus the 
Waldschmidth's theory of pressure solution may be applicable 
locally as a source of silica. Iron in these sediments may 
have come in solution derived from the source rock due to 
weathering of ferromagnesium silicate, and was precipitated 
in pore spaces due to oxidation in the depositional basin. 
The carbonate cement is widely distributed and is probably 
youngest in age. Artesian water containing dissolved carbonates 
is thought to be the chief source of carbonate cement in conti-
nental sediments (Pettijohn, 1975-), like Than, Surajdeval 
sandstone. The detrital micas (muscovitej is occasionally 
deformed or bent (Fig. 41j in the interspaces of detrital 
grains. This may be due to the differential overloading or 
compaction of the sediments after the deposition. 
C h a p t e r V 
PROVENANCE, DEPOSITI0NAL_ENVIR0NMENTS_AND_PALE0GE0GRAPH 
T h e u l t i m a t e aim of t h e p r e s e n t i n v e s t i g a t i o n i s t o u n f o l d 
t h e s e d i m e n t a t i o n h i s t o r y of T h a n , S u r a j d e v a l , R a n i p a t and 
Wadhwan s e d i m e n t s of M e s o z o i c Gondwana r o c k s of S a u r a s h t r a . A 
s e d i m e n t a r y r o c k i s b y a n d l a r g e a c o m p l e x of p h y s i c a l , c h e m i c a l 
a n d b i o l o g i c a l c o n d i t i o n s u n d e r w h i c h a s e d i m e n t a c c u n i u l a r e s 
( K r u m b e i n a n d S l o s s , 1 9 6 3 ) , i n w h i c h t h e c l a s t i c s e d i m e n t s a r e 
t h e r e s i d u e s d e r i v e d f rom t h e p r e - e x i s t i n g r o c k s d u e t o c h e m i c a l 
a n d p h y s i c a l w e a t h e r i n g ( P e t t i j o h n , 1 9 7 5 K I n r e c e n t y e a r s 
t h e r e h a s b e e n i n c r e a s i n g i n t e r e s t and o n p h a s i s on t h e s y n t h e s i s 
o f s e d i m e n t a r y f a c i e s , f a c i e s a s s e m b l a g e , a n d d e p o s i t i o n a l 
e n v i r o n m e n t s of a n c i e n t a n d r e c e n t s e d i m e n t ( P e t t i j o h n , 197 5,* 
R e a d i n g , 1978,* R e i n e c k a n d S i n g h , 1980,* M i a l l , 1984," W a l k e r , 
1 9 8 4 ; . 
One of t h e a i m s of s e d i m e n t o l o g i s t s i s t o l o c a t e and f i n d 
o u t t h e p r e - e x i s t i n g r o c k s o r p r o v e n a n c e w h i c h p r o v i d e d s e d i m e n t 
d e b r i s t o t h e t r a n s p o r t i n g a g e n c y . The s e d i m e n t o l o g i c a l 
e v i d e n c e s c o l l e c t e d f rom f a c i e s a n a l y s i s , p a l e o f l o w a n a l y s i s , 
a n d p e t r o g r a p h y a r e u s e d f o r u n d e r s t a n d i n g t h e d e p o s i t i o n a l 
h i s t o r y of t h e g i v e n s e d i m e n t s . F a c i e s a n a l y s i s , i n p a r t i c u l a r , 
p r o v i d e s e v i d e n c e f o r t h e r e c o n s t r u c t i o n of m a j o r a n d m i n o r 
e v i r o n m e n t s of d e p o s i t i o n a n d a t t e n d i n g h y d r o d y n a m i c p r o c e s s e s 
d u r i n g t h e d e p o s i t i o n of t h e s e s e d i m e n t s . P a l e o f l o w a n a l y s i s , 
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paleohydrology and petrographic study provide useful evidence 
in respect of paleodrainage and paleoslope, including canposi-
tion and location of the provenance. A synthesis of sedimen-
tological characteristics of lithic fill provides an overall 
basis for the reconstruction of depositional milieu and paleo-
geography. 
PROVENANCE 
The term provenance is derived from the french word 
'Provenir' meaning to orginate or to come forth (Pettijohn et 
al., 1973, P.297K The provenance refers to all parameters 
related to birth of the sediments. The mineral composition 
of the sediments depends upon the composition of source area 
and may be affected by climate and relief. Provenance also 
refers to location of the source rocks which formed highlands 
and provided sediments through the main and tributary rivers. 
Therefore, one of the aims of petrographic examination of 
framework constituents of sandstone was to find out the probable 
composition and possible location of the source area, taking 
into account the evidence from paleoflow study. 
Com£Osition_of^Provenance 
Among the detrital constituents, the embadded pebbles, 
lighter minerals, sand-sized rock fragments and heavy minerals 
are the prime guides to determining the composition of the 
source area. 
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Evidence_f rofT)_Kmbedded_Pebbles 
The embedded pebbles in Surajdeval and Wadhwan formations 
are 2-8 cm in s ize , subangular to subrounded and consis t of 
brown to pink, qua r t z i t e and vein quar tz . They are more mature 
in composition in the Surajdeval Formation. Some pebbles are 
subrounded to rounded, possibly due to long t ranspor t or pro-
longed abrasion which eliminated unstable and metastable rock 
fragments from the r e su l t an t sediments. 
Evidence_frorn_Detrital_ Quartz 
Because d e t r i t a l quartz i s both physical ly and chemically 
durable and most abundant cons t i tuent of framework, i t has been 
used as a useful guide to composition of provenance. In th i s 
study, quartz types have been recognised and r e l a t ed to source 
rocks on the bas is of shape, t ex tu re , ext inct ion and mineral 
inclus ions (Mackie, 1896,* Folk, 1961,* Bla t t , 1967,* Bla t t and 
Chr i s t i e , 1963,* B la t t e t a l . , 1980j . The igneous quartz ranges 
from 7-15% in Than, 15-32% in Surajdeval, 5-11% in Ranipat, and 
11-26% in Wadhwan sandstones (Appendix V;, while metamorphic 
quartz ranges from 8-21% in Than, 17-42% in Surajdeval, 6-14% 
in Ranipat, and 12-42% in Wadhwan sandstones (Appendix V). 
Sedimentary quartz are l e s s than 6% of the t o t a l d e t r i t a l s of 
the framework in a l l the sandstone. This implies t ha t grani toid 
and metamorphic including metasedimentary rocks were the impor-
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t an t source of quartz in a l l the formations, followed by 
sedimentary rocks . 
Evidence from Feldspars 
The potass ic v a r i e t i e s of feldspar including microcline 
and orthoclase are more than p lag ioc lase . The weathered 
microcline i s more common. Excess of quartz over feldspar and 
or thoclase over p lagioc lase may ind ica te greater weathering in 
source area and/or greater abrasion of sediment during t ransport 
(Pett i john e t a l . , 1973, p .307 ; . The t o t a l feldspar in different 
formations var ies from 12-16% in Than, 17-22% in Surajdeval, 
13-19% in Ranipat, and 2-5% in Wadhwan sandstone (Appendix V). 
Evidence_f rOT}_petrital_Mica 
De t r i t a l mica occurs in small proportion out of which 
muscovite exceeds b i o t i t e (Appendix V). Folk (1961j believed 
tha t grea ter source of micas i s in the metamorphic rocks . 
Evidence_from__Lithic Fragments 
L i th ic fragments in sediments are among the most informa-
t i v e of a l l d e t r i t a l components and of utmost importance in 
diagonosing and determining the provenance composition. They 
occur upto 7% in Than, 9% in Surajdeval, 4.9% in Ranipat, and 
6% in Wadhwan. The fragments consis t of quar tz i t e and chert , 
the former being more abundant. 
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Evidence from Heavy Minerals 
Heavy minerals have long been used as guide to the compo-
sition of the source rocks (Krumbein and Pettijohn, 1938/ 
Pettijohn, 1915). The heavy mineral suit of the Mesozoic 
sediments of Saurashtra contains in particular garnet, zircon, 
tourmaline, staurolite, rutile, epidote, and opaques. 
Garnets which abound in Suraj deval (31.1%J and Ranipat 
(23.9%^ formation are commonly derived from low grade meta-
morphic rocks, especially crystalline gneisses and schists. 
Prismatic, angular, brown and yellow coloured tourmaline are 
more common than zircon. The brown and yellow varieties of 
tourmaline are believed to be derived from pegmatite rocks 
(Blatt et al., 1980J. However, the occasional rounded garnet 
and tourmaline may suggest long transportation from source 
rocks or derivation from pre-existing sedimentary rocks. Non-
pleochroic, colourless, prismatic zircons are more common in 
Than, Suraj deval and Ranipat sediments than Wadhwan sediments. 
The euhedral zircons are thought to be derived from acid to 
intermediate igneous rocks. Euhedral zircons may have been 
derived from crystalline source rocks (Smithson, 1939,* lijima, 
1959,' Okada, 1961K The zircon suit of the given Mesozoic 
sediments may have been derived from acidic plutonic rocks 
(euhedral) metasediments or pre-existing sediments. 
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Evidence from Pre-ex is t ing Sedimentary Rocks 
Evidence for pre-exist: ing sedimentary rocks i s derived 
mainly from the occurrence of rounded to well rounded s table 
d e t r i t a l components, p a r t i c u l a r l y zircon and tourmaline and 
sand-sized grains of cher t and quartz showing abraded overgrowth. 
Although the rounded d e t r i t a l gra ins , referred to above, occur 
sporadical ly in the given sediments, t h e i r association with 
subangular to subrounded feldspar and other grains of similar 
composition i s anamalous and can best be explained by v i s u a l i -
sing t h e i r der ivat ion as second cycle de t r i t u s from older 
sedimentary rocks . 
From the combined evidence of composition of pebbles, 
l i g h t e r minerals , sand-sized l i t h i c fragments and heavy 
minerals , i t i s summarised tha t the sediments were largely 
derived from a mixed source of g ran i t e , grani te geisses and 
low to mediiam grade metamorphic rocks . The sand-sized frag-
ments of metasedimentary rocks (quar tz i t e j and well rounded 
quartz and rounded heavy mineral species ind ica te tha t pre-
ex i s t ing metasedimentary and sedimentary rocks have also 
contr ibuted to the sediment assemblage. 
pisgersal_Pattern^_Comgosition and Location of Provenance 
Figure 51 i s a schematic map showing the dominant dispersal 
pa t t e rn of Mesozoic sediments of Saurashtra basin, based on 
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paleocurrent stuciies discussed e a r l i e r (Fig. 3 4j, and compo-
s i t i on and location of Archean and Proterozoic highlands in 
and around Mesozoic bas in . The uniformity and consistency of 
southwesterly di rected paleoflow through time c lear ly postulate 
t h a t the r ive r systens maintained t h e i r drainage and paleoslope 
from nor theast to southwest throughout the course of sedimenta-
t ion in the study area . 
Evidently, the bulk of the quartz-pebbles and d e t r i r a l 
quartz of igneous and metamorphic or igin including potassic 
fe ldspars , d e t r i t a l mica and l i t h i c fragments of quar tz i te , 
p h y l l i t e and s l a t e may have been derived from Erinpura grani te , 
and pre-Araval l i , Araval l i and Delhi quar tz i t es and greywackes. 
Likewise, rounded and subrounded sedimentary quartz may have 
t h e i r der ivat ion frc«n quar tzareni te of Delhi and Vindhyan 
rocks . Heavy mineral species l i k e garnet, zircon, r u t i l e , 
epidote , s t a u r o l i t e may have been derived frcwn metamorphic and 
meta-basal t rocks including sch i s t , gneisses, while tourmaline 
may have ccsne from some pegmatite rocks . 
Indeed, the paleoflow study conclusively indica tes that 
the main water shed of the Mesozoic r ive r s was s i tua ted up-
stream to the eas t -nor theas t of Saurashtra basin, represented 
by highlands of g ran i t e , g ran i te gneiss , quartzite^greywacke 
and p h y l l i t e . The igneous and metasedimentary rocks of the 
pre-Araval l i and Araval l i Supergroup including Erinpura 
g ran i t e , Delhi and Vindhyan Supergroup, as mentioned above. 
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crop out as small hills some 220 km northeast of Surendranagar, 
near the town of Himatnagar, as shown in the map in Figure 51. 
These rocks, representing the southward extension of the Early 
Proterozoic Aravalli Hills of Rajasthan, admittedly, provided 
the great bulk of the arenaceous sediments to the Mesozoic basin 
of Saurashtra. Much of this basin, beyond the study area, in 
and around Ahmadabad possibly continues in subsurface underneath 
the Recent alluvium upto the Aravalli highlands in the northeast. 
DEPOSITIONAL ENVIRONMENTS 
The hetrogeneous assemblage of pebbly/gritty sandstone, 
interbedded sandstone, shale and carbonaceous shale constituting 
the Dhrangadhra sediments of the given area exhibits facies 
association and sediment characters similar to those which 
characterised interbedded fluvio-deltaic and tidally influenced 
deposits. The fluvio-deltaic origin for these sediments was 
assigned by early workers (Bhandari and Kumar, 1910). 
The sedimentary facies of the Dhrangadhra group of rocks, 
including Wadhwan, described and illustrated earlier (Chapter II J, 
include crossbedded sandstone bodies throughout the sequence 
which were analysed quantitatively to determine paleoflow and 
paleoslope of the depositional basin and to reconstruct the 
pattern of depositional streams. Evidence from sedimentary 
facies, their vertical relationship, and environmental inter-
pretation for each formation, as summarised in columnar diagrams 
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in Figures 52,54,56,58, form the basis for reconstructing the 
depositional domain of the Mesozoic sequence of Surendranagar 
area. 
Than Formation 
Figure 52 is a generalised facies model for the Than strata, 
based on 12 outcrop and 4 borehole sections across the study area 
The vertical section shows an overall coarsening-upward sequence. 
The actual base not being exposed anywhere, carbonaceous shale 
forms the basal unit in most outcrops, grading up into fine to 
medium-grained sandstone," the succeeding assemblage consists of 
medium to coarse grained crossbedded sandstone. 
The generalised facies sequence of the Than Formation, 
averaging about 20 m in thickness (Fig. 52), illustrates the 
sedimentary characters of lithologic types and their inter-
pretation. The lower part consists predominantly of laminated/ 
structureless grey to black carbonaceous shale, and plant 
bearing shale and siltstone, grading up into thinly interbedded 
shale and sandstones each commonly 6-12 cm thick or more. Thin, 
impersistant, coaly stringers upto 2-4 cm thick occur sporadi-
cally, and iron nodules aligned along bedding-planes are 
present at irregular intervals. This unit is also characterised 
by soft-sediment deformation, subhorizontal laminae and ripple 
cross-lamination in siltstone. This facies association passes 
upwards into 5-10 cm thick, erosively-based, crossbedded 
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medium to coarse-grained sandstone. The crossbedded unit of 
planar (SpJ and trough (St; type occur in cosets, locally in 
solitary sets, often associated with alternating white to 
brown siltstone/fine-grained sandstone. The planar foresets 
commonly exhibit unimodal distribution toward west-southwest 
(8v = 261°) but locally bimodal in the case of trough foreset 
with a subsidiary mode nearly transverse (9v = 321 ) to the 
principal mode (9v = 243 ) , as discussed earlier. In short, 
the paleocurrent study reveals a dispersal pattern domiantly 
toward southwest, and locally toward northwest. The laminated 
shale/siltstone unit commonly overlies the coarse sandstone with 
a well marked erosional contact, implying the beginning of the 
next cycle (Fig. 52;. 
Kelling and George (1971) cite an example in the carbo-
niferous of southwest Wales where erosively-based channel-fill 
sandstones are overlain by coarsening-upward prograding mouth-
bar sediments. Similarly, in the Mississippi delta, progra-
dation of the bar-finger sands and the scouring activity of 
the distributary channels generate sequences of erosively-
based sands that truncate coarsening-upward silts and sands 
(Gould, 1970J. 
Generally speaking, the Than sequence consists of an 
assemblage and displays features which are, by and large, 
typical of river-dominated delta progradation with a coarsening 
upward sequence of carbonaceous shale/siltstone, shale and 
thin bands of fine-grained sandstone succeeded by medium to 
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coarse-grained crossbedded sandstone. 
Depositional Subenvironments 
Thus, interbedded f ine-grained sediments may be i n t e r -
preted as having formed by sheet flow of sediment over the 
banks of d i s t r i bu t a ry channels during period of flood stage 
(Fielding, 1986 J . Pa ra l l e l lamination has many modes of 
o r i g i n . Within the ac t ive de l ta most of these laminations are 
formed under subaqueous conditions and r e s u l t from e i ther a 
« 
seggregation of particles by differential settling initiated 
by changes in current velocity or from changes in water chonistry 
(Coleman and Gagliano, 1965J. The irregularly distributed 
nodules of siderite may possibly reflect early diagenesis, and 
by subsequent compaction of the shale (Tankard and Barwis, 1982j. 
Carbonaceous shales imply organic accumulation in inter-
channel backswamps under relatively stagnant and ch»nically 
reducing conditions (Coleman and Gagliano, 1965J. Following 
modern examples, swamps develop through the prolific growth 
of hydrophytic vegetation on the shallow submurged abandoned 
surfaces or lake in extensive low-lying interchannel plains 
(Fielding, 1984). The carbonaceous/shaly coals are the result 
of slightly greater water depth, and/or a greater rate of sub-
sidence, allowing clastic material to mix with decaying vegeta-
tion (Stach et al., 1982). The carbonaceous shale/coaly 
stringers may also be interpreted either as vertical accretion 
flood plain deposits or the deposits of a lake or swamp that 
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shallowed periodically and allowed plants to grow (Leckie and 
Walker, 1982J. Peat swamps are common in modern coastal plains, 
particularly along tropical coastlines where mangrove swamps 
may develop (Scholl, 196 4/ Scott and Fisher, 1969/ Anderson, 
1964J, and also on delta plains such as those of the Mississippi 
and Atchafalaya rivers (Frazier and Osnaik, 1969,' Coleman, 1966). 
Coal accumulation depends upon a slow rate of regional subsidence 
and extent to which waning sediment transport is able to form 
a surface of very low topographic relief below water only a very 
few feet deep and hence suitable for swamp vegetation (Elliott, 
1969J . The presence of well-preserved plant leaves indicates 
comparatively gentle deposition (Fielding, 1984^. Elliott 
^1978J has attributed such type of sediments to deposition in 
modern delta plains. Fine-grained sandstone with occasional 
thin (upto 0.1 m^ partings of dark carbonaceous clay may be 
attributed to coal forming swamp in abandoned channel plain or 
to coastal swamps of adjoining delta. 
Planar (SpJ and trough (StJ crossbedded medium grained 
sandstone may be attributed to distributary channel bodies of 
distal delta plain or distributary mouth bar (Scott and Fisher, 
1969J. The solitary sets of planar (SpJ facies associated with 
trough {St) crossbedded units may be interpreted as of transverse 
bar origin, following interpretation of similar association 
elsewhere (Smith, 1970,* Miall^ 1977 K Mouth bar sequences 
generally coarsen -upward and gradationally overlie the 
prodelta shales (Harms et al., 1975). 
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Figure 53 is a schematic model of sedimentation of Than 
Formation, based on overall attributes of the strata. The 
Than sequence, by and large, represents a build-up of inter-
distributary levees, backswamp, distributary channel and 
crevasse splay in prograding distal delta plain in the proxi-
mity of shoreline which was possibly not far toward west. A 
typical prodelta facies containing marine fossils could not be 
recognised in the outcrops, but may occur in subsurface 
farther west. 
Surajdeval Formation 
A generalised facies model of the succeeding Surajdeval 
Formation is shown in Figure 54, based on 7 borehole logs and 
a number of outcrop sections in the study area from Surendra-
nagar to Wankaner. The facies model consists of recurring 
fining-upward cycles averaging 40 to 60 m in thickness alter-
nating with thinner cycles of about 5 to 20 m thickness. 
Generally speaking, lower sandstone manber exceeds the upper 
red-shaly member (by volume) in each cycle. Each lithofacies 
in terms of its code, sedimentary characters, viz. colour, 
grain size, sedimentary structures, and environmental inter-
pretation is illustrated in the facies model (Fig. 54J. The 
dominant facies recognised in the Surajdeval Formation in the 
study area are as follows '. 
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Major Facies 
Sandstone 
St-trough crossbedded sandstone 
Sp-planar crossbedded sandstone 
Sh-horizontal bedded sandstone 
Sr-cross-laminated f ine sandstone 
Environmental In te rpre ta t ion 
Delta d i s t r ibu ta ry 
channel deposits 
fm-muddy red shale 
f l - laminated s h a l e / s i l t s t o n e 
Minor Facies 
S-eg-quartz-pebble conglomerate 
S-hb-crossbedded sandstone, 
herringbone type 
S-hcs-hummocXy c r o s s - s t r a t i f i e d 
sandstone 
) Inter-channel del ta plain 
) and swamps/ marginal coas-
) t a l de l ta pla in in upper 
} pa r t 
Occasional records of 
nearshore coastal 
environment 
The major facies of fining-upward cycles are represented 
by trough and planar crossbedded sandstone (St,Sp) bodies in 
the lower par t and muddy to laminated and/or r i pp le -c ros s -
laminated red-shale , s i l t s t o n e facies in the upper par t , as a 
general r u l e . The overa l l l i t h o f a c i e s associat ion and f ining-
upward character of the assemblage, plus the daninant unimodal 
and occasional bimodal paleocurrents d i rec ted toward the open 
shelf in the west-southwest of the study area and loca l ly 
toward northwest along the shore l ine , as referred to e a r l i e r 
(Fig . 3 4), c l ea r ly pos tu la te a de l t a pla in environment in the 
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proximits of the shoreline/ the intermittent longshore/tidal 
influence is particularly evident in the upper part of the 
formation , 
The major and minor depositional environments of 
Surajdeval are discussed hereunder, and diagrammatically 
picturized in Figure 55. 
Sandstone Bodies! Distributary Channel Facies 
^ Detailed study of the sandstone bodies has been augmented 
by a thorough investigation on outcrops and subsurface borehole 
records, to provide a more generalised view of distribution of 
sandstone facies. Sandstone is pink to grey, and clean white 
in places, and commonly medium to coarse-grained. These sand-
stone bodies are thoroughly crossbedded, and less than 10 to 
40 m in thickness, depending upon thickness of the cycle. 
Trough crossbedded sandstone facies (StJ, coarse to 
medium grained, generally, has an erosional base, with 
individual crossbedded sets about 0.2 to 0,5 m thick. This 
facies is profusely developed in Surajdeval throughout the 
area, forming the lower part of fining-upward cycle. Indeed, 
trough crossbedded sandy facies is produced mostly by the 
migration of cuspate mega-ripples (Allen, 1968a,' Collinson, 
1970/ Boothroyd, 1985;. The coalescing sandstone bodies, 
characterised by St facies, may be attributed to have formed 
possibly by migration and lateral accretion of lunate sand 
bars, dunes or point bars in shallow waters of sinuous 
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distributary chdnnels (Bernard, et al., 1970,' Miall, 1977, 
1978aJ. Foreset dip azimuths of large St facies in the lower 
part of Surajdeval sequence are directed commonly toward south-
southwest, west, and north-northwest (217+95 , 296+96 ) ' , and 
small scale trough crossbeds are mostly toward north-northwest 
(303°+87°J, indicating that the depositing current system 
flowed seaward, i.e. toward south-southwest and north-
northwest of the study aree, as deduced earlier for the under-
lying Than Formation. 
Likewise, planar crossbedded sandstone (Spj facies, often 
interbedded with St facies, may have resulted from the migration 
of linear megaripples and sand waves (Harms and Fahnestock, 
1965, Boothroyd, 1985, p.472J. The large scale planar cross-
bedded sandstone bodies exhioiting bimodal orientation with 
principal and subsidiary modes respectively towards south-
southwest (180°-210°; and west-northwest (270°-300°;^ may be 
attributed to migration of diagonal bars of delta-distributary 
channels (Miall, 1982;. The interbedded planar crossbedded 
cosets of transverse and diagonal bars origin may also be 
attributed to sand flats due to migration of bars (Cant, 1978). 
Occasional interbeds of horizontal bedded sandstone (Sh; 
may suggest deposition in shallow water (Willis et al., 1972,* 
Smith, 1971;, or else by erosion of the underlying bars under 
upper flow regime (Harms and Fahnestock, 1965). McGowen (1971) 
has attributed abundance of horizontal lamination in the Gum 
Hollow fan delta to extensive longitudinal bar formation 
during ephemeral flooding. 
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Associated with sandstone member in the upper par t , local ly, 
are small-scale crossbedded un i t s (SrJ formed by down current 
migration of small r ipp les in shallower par t s following l a t e ra l 
accret ion and/or aggradation of rapidly migrating d i s t r ibu ta ry 
channels in a de l ta p l a i n . 
F ine -c l a s t i c (Shale^Si l ts tonej ! Interchannel-delta_Plain_Facies 
F ine -c l a s t i c l i t ho fac i e s inc ludes ! i ) muddy red shale (fmj, 
and i i ) laminated shale , s i l t s t o n e {tl) . Muddy red shale (fmJ 
i s by far the most abundant f ine c l a s t i c facies forming the 
upper member of fining-upward cycle overlying the lower sand-
stone member, and occupying the low lying t e r r a i n s . The red 
shale (fm) facies also contains th in lenses of medium grained 
sand, grading up in to th in ly laminated shale, s i l t s t o n e facies 
( f i ; . 
In l i g h t of the overa l l v e r t i c a l re la t ionsh ip of l i t h o -
facies with cross-bedded channel sandstone facies lying grada-
t i o n a l l y underneath, as described above, the accumulation of 
succeeding red shale fm and f l fac ies may well be in terpre ted 
as overbank facies of in ter -channel mud p la ins comprising 
levees and back swamps of low-lying p a r t s . Laminated shale 
and s i l t s t o n e ( f l j , l oca l ly developed, may be a t t r i bu t ed as 
the overbank flood sediments of minor d i s t r i bu t a ry channels or 
from turbulent suspensions (Fielding, 1984J. These i n t e r -
channel mud p l a i n s , c r i s s - c rossed by meandering channels of 
de l t a d i s t r i b u t a r i e s , were evident ly widely developed in d i s ta l 
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par t s of de l t a bui lding, which occupied a large area extending 
from eastern l imi t of the study area to Wankaner and beyond in 
the west for 40 km or more. There are many modern and ancient 
examples of constjnictive de l tas with development of f luvio- and 
d i s t a l - d e l t a p l a in s , as described above (Fisk, 1955,* Fisk et a l . , 
19 54; Scott and Fisher, 1969,' Reineck and Singh, 1980 j , with 
varying domains. Davis (1985, p.397) has reported extensive 
mud p la ins and marshes along the southwest margin of the 
Miss iss ippi d e l t a . Not unl ike ly , the red shale of Surajdeval, 
l oca l ly , may have accumulated in protected environments such as 
lagoon behind b a r r i e r i s lands (Chafetz, 1978). A more or less 
s imi la r associa t ion of fining-upward cyclothems has been reported 
from the f luv ia l succession of Old Red Sandstone of Derbyshire, 
England (Allen, 1965), from many f l u v i a t i l e and de l t a i c coal 
measures of the world (Kelling, 1968,' Read, 1969/ Johnson and 
Cook, 1973), including the Permian coal measures of Lower 
Gondwana basins of India (Casshyap, 1971, 1977,* Casshyap and 
Kumar, 1987), and the Br i t i sh coal measures ( E l l i o t t , 1968,* 
Scot t , 1978,* Fielding, 1984). 
5Yi^®D£S_2^_S2§£Si}2£S_£2^St^i_^Yi£225}®Si«" "^ ^^  schematic 
deposi t ional model of Surajdeval (Fig. 55) demonstrates an 
example of de l t a d i s t r i b u t a r y and inter-channel de l t a plain 
deposi ts through most p a r t of lower and middle Surajdeval 
sequence. However, in the upper p a r t the fining-upward cycles, 
occas ional ly , display facies and assemblage of s t ruc tures 
considered to ind ica t e nearshore marine processes with local 
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evidence of stormy condi t ion. This assemblage, in the upper 
pa r t of Surajdeval, may commence with well-developed quartz-
pebble conglomeratic facies (S-cg) containing c l a s t s of pebole-
to cobble-s ize , ranging from about 2 to 5 cm in diameter,* the 
c l a s t s are subangular to subrounded, although rounded c las t s 
may also occur. This facies over l ies fm-fl facies erosively 
and grades l a t e r a l l y and v e r t i c a l l y in to coarse- to medium-and 
f ine-grained crossbedded white sandstone. This sandstone i s 
charac ter i sed by b id i r ec t i ona l herringbone crossbedding (S-hbj 
and i s th in ly interbedded with red f ine e l a s t i c s and mediuin-to 
f ine-grained hummocky-cross-stratified (S-hcs) sandstone of 
20-30 cm in th ickness . In t h i s overa l l associat ion - the quartz-
pebble conglomeratic facies (S-cgJ may be in te rpre ted e i ther as 
shorel ine conglomerate due to local longshore currents (Leckie 
and Walker, 1982j or beach conglomerate (Leckie and Walker, 
1982; . Wright and Walker (1981J and Leckie and Walker (1982J 
have in te rp re ted such associa t ion as having formed by micro-
t i d a l a c t i v i t y and by longshore r ed i s t r i bu t i on of f luvial 
gravels , probably by longshore cur ren ts , which evidently may 
have flowed more or l e s s west-northwest during the deposition 
of t h i s f a c i e s . Indeed, th in crossbedded sandstone uni ts in 
these associa t ions y ie ld a d i s t i n c t l y northwesterly direct ion 
of t ranspor t (303 +87 ) , which i s more or l ess t ransverse to 
the dominant southwesterly paleoflow d i rec t ion of the d i s t r i -
butary channels of de l ta p la in as discussed e a r l i e r (Fig. 32). 
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Evidence o± stormy condi t ion . - The only pos i t ive evidence o± 
a stormy influence comes from the occurrence of hummocky cross-
s t r a t i f i e d (S-hcsJ facies which occurs associated with S-cg and 
S-hb facies described above. This facies consis ts of mediuiri-to 
f ine-grained white sandstone and sha le . I t shows an erosive 
base, occurs as l e n t i c u l a r bodies about 0.5 to 1.0 m thick, and 
displays a v e r t i c a l a l t e rna t ion of thin shale and s i l t s t o n e 
beds . This facies i s found commonly in the western par t of the 
study area near Surajdeval v i l l age , and has been described and 
i l l u s t r a t e d e a r l i e r in Figures 22a,b. 
The presence of hummocky c r o s s - s t r a t i f i e d sandstone (S-hcsj 
in the upper pa r t of the Surajdeval sequence i s evironmentally 
s i g n i f i c a n t . The hummocky c r o s s - s t r a t i f i c a t i o n i s commonly 
in t e rp re t ed as an ind ica tor of storm-wave ac t i v i t y (Harms et a l . , 
1975j, and has received considerable a t tent ion (Hamblin and 
Walker, 1979,* Bourgeois, 1980,* Cant, 1980,* Wright and Walker, 
1981). In a number of s tud ies , hummocky-cross-stratified 
sandstones have been found to be overlain by nearshore and 
beach sequences ( e . g . Hamblin and Walker, 1979,* Walker e t a l . , 
1981}. Harms, Southard and Walker (1982, p.3-31J in te rpre ted 
these stxxictures as having formed by deposition during 
o s c i l l a t o r y flow produced by la rge waves. Swift e t a l . (1983) 
have suggested an or igin for hummocky c r o s s - s t r a t i f i c a t i o n due 
to flows which are e i t he r unidirectional-dominant or which 
possess s ign i f i can t un id i rec t iona l component. Duke (1985J 
suggested hurr icane-force for the generation of hummocky cross-
s t r a t i f i c a t i o n . 
151 
Evidence of herringbone crossbedding.- The upper part of 
Surajdeval sequence (Fig. 54J is characterised by white, coarse 
to medium grained sandstone, and herringbone-crossbedding 
(S-hb}. Individual sandstone bodies ot this type vary from 1 
to 2 m in thickness. Thin (10-30 cm J shale is generally 
present between two sandstone bodies in a vertical sequence. 
This sandstone facies is well developed near Surajdeval temple, 
Dhaduka, and near Jaria Mahadeo Mandir, as described earlier in 
Chapter II, and illustrated in Figure 21. 
Presence of herringbone crossbedding is, generally, inter-
preted as reversal tidal currents (Klein, 1971, 1985,' Reading, 
1978, p.235; Leekie and Walker, 1982,* Reinson, 198 4, p.127,' 
Davis, 1985^. Crossbedding directions in this facies are 
opposed variably (e.g. 210+93 and 340+97 ) , indicating that 
during the deposition of S-hb facies, seaward and landward 
directed tidal currents (ebb and flood currents) were active 
in producing the bidirectional crossbedding. Reading (1978, 
p.235) attributed the herringbone type of sedimentary structures 
in sandstone bodies as a diagnostic feature of tidal currents. 
Clifton and Thompson (1978) attributed these structures to 
inter-tidal and shallow subtidal environments. 
Minor evidence of nearshore tidal/stormy conditions may 
be drawn by the occurrence of the associated thin interbeds 
of silt, clay and fine-sediments, which are widely developed 
in the western part around Wankaner. Petrographic study 
reveals preponderance of carbonate cement in these sediments 
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(Fig. 46 J, which may possibly have been supplied to the basin 
from the nearby open-shelf during occasional periods of t i da l 
or stormy cur ren ts , the s i l t y shale /c lay may have also been 
accumulated in the intervening long periods of low sediment 
inf lux between storm (Schieber, 1986j . I t i s here postulated 
tha t during the deposition of Surajdeval, the shorel ine 
f luctuated back and forth within the l imi t s of the study area. 
Ranipat Formation 
The Ranipat Formation over l ies the Surajdeval Formation 
conformably. I t s general ised fac ies model i s shown in Figure 
56, based on 12 borehole logs and a number of outcrop sections 
in the area from Surendranagar to Dhrangadhra to Halwad, and 
from Sara to Chot i la . Generally speaking, the Ranipat sequence, 
l i k e Surajdeval, cons i s t s of recurr ing fining-upward cycles, 
which are on an average 10-20 m thick in lower pa r t and 30-70 m 
thick in upper pa r t , a l t e rna t ing with sandstone, s i l t s t o n e and 
s h a l e . In each cycle, the lower manber abounds in sandstone 
(by volume; with a scoured base, and upper member of shale and 
s i l t s t o n e th in ly developed. The Ranipat s t r a t a on an average 
are more arenaceous (sandstone - 91.55%^ and contain less 
f ine e l a s t i c s (shale = 8,42%J in the eastern par t than the 
western pa r t (sandstone = 56.43%) fine e l a s t i c s (43.6 5%) 
Figure 6 . The dominant fac ies as recognised in the Ranipat 
Formation are I 
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Crossbedded Sandstone Bodies Environmental In terpreta t ion 
St - Large scale trough crossbedded 
sandstone. 
Sp - Large scale planar crossbedded 
sandstone. 
S-hb-Herringbone crossbedded 
sandstone. 
Sr - Small scale crossbedded 
sandstone, 
Nearshore coastal domain I 
t i d a l and subtidal channels 
I n t e r - t i d a l , shoreline 
beach f a d e s 
F ine -c l a s t i c_ (S i l t s t one /Sha l e Fine-grained Sandstone! 
f l - r ipple-cross- laminated I n t e r - t i d a l mud facies 
s i l t s t o n e . 
fm - d i r ty-whi te sha l e . 
Sh - hor izonta l ly bedded sandstone. I n t e r - t i d a l beach facies 
Facies assemblage of the Ranipat Formation displays fining-
upward cycle s imi la r to Surajdeval Formation. Each cycle i s 
charac ter i sed by decreasing sca le of crossbedded un i t s of sand-
stone from large-through smal l -scale planar (SpJ and trough 
Cst) type, including herringbone-type (S-hb) in lower pa r t , and 
t h i n l y developed laminated to r ipple-cross- laminated s i l t s t o n e , 
shale and f ine sandstone in upper par t (Fig. 55 J. The i n t e r -
bedded assemblage of l i t ho fac i e s and t h e i r fining-upward 
character , plus opposite to diagonally or iented b id i rec t iona l 
paleocurrent pa t t e rn , c l ea r l y ind ica t e the dominance of near-
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shore coastal domain, p a r t i c u l a r l y t i d a l and i n t e r - t i d a l 
environment, with general advent of shorel ine in to the study 
area during Ranipat time as depicted in the schematic diagram 
in Figure 57 . 
The depositional environments of Ranipat are described 
as follows ; 
Crossbedded Sandstone Bodies I Shoreline and._tidal_channels 
The lower sandstone member of fining-upward cycle is 
generally white to clean white, medium to coarse-grained, and 
profusely crossbedded by trough (StJ and planar (Sp) facies. 
Scale (thickness,) of crossbedded units commonly ranges from 
30-15 cm in the lower part, decreasing to less than 10-5 cm 
in the upper part, depending upon thickness of the cycle. 
Significantly, the large scale Sp and St facies, with thickness 
of about 30-15 cm, reveal unimodal orientation toward southwest 
and west (226+87 ; 271+75^;, wher eas the succeeding small scale 
crossbedding foresets are commonly directed toward north and 
northwest (3 56+77 ) . Locally, interbedded sandstone beds show 
herringbone type (S-hbJ facies in which the foreset orientation 
is oppositely to diagonally directed toward southwest (221+95°) 
and north-northwest (350+94°) to northeast (11+83°). Interes-
tingly, these directions closely coincide with large- and 
small scale St and Sp facies referred to above. The bidirec-
tional herringbone crossbedding is a diagnostic feature of 
tidal currents as stated earlier, and their occurrence with 
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St, Sp facies in the lower sandstone member of the Ranipat 
sequence is indeed genetically significant. Thus crossbedded 
foresets which show current direction toward southwest 
(221+9 5°) may well be attributed to ebb tidal currents, and 
those exhibiting northerly orientation to flood tidal 
currents or longshore currents. Indeed, these two current 
directions are widely displayed in the Ranipat, suggesting 
deposition of the lower crossbedded sandstone of each cycle, 
largely, by tidal or subtidal currents in the nearshore coastal 
environment. 
Reactivation surfaces are common in these facies as stated 
elsewhere, which provide further evidence in support of tidal 
activity. These surfaces are known to occur in tidal sand 
bodies and have been interpreted as the modification of bedform 
morphology by the reversing tidal currents (Klein, 1970J. 
However, reactivation surfaces may also form in alluvial plains 
as a product of fluctuations in discharge (Collinson, 1970bj, 
or to the migration of current ripples under uniform, unidirec-
tional flows (Allen, 1973). 
Examples of crossbedding foresets dipping in the direction 
of longshore currents are few. However, observations in the 
present day shoreline areas suggest that during times of high 
energy, longshore currents may have sufficient velocity to 
transport the sediment. Davis and Fox (197 2, p.407) noted the 
prevalence of rapidly migrating dunes under the influence of 
strong longshore currents. The two preferred crossbedding 
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azimuthal trends of Ranipat, or iented t ransversely , toward 
southwest (226+87 ) and northwest (3 56+77 ) , in a l l probabi l i ty , 
represent the two se t s of migrating r ipp le t r a in , one oriented 
normal to shorel ine, and the other pa ra l l e l or diagonal to the 
shore l ine . 
F ine -c l a s t i c I S i l t s t o n e , _Shale_and_f ine_Sandstone2_I_Inter-tidal 
Mud and Beach Facies 
This facies as upper member of fining-upward cycle i s 
r e l a t i v e l y more developed (2.5 to 4,5 m) in lower Ranipat than 
in upper Ranipat (0.5 to 1.5 m^  (Fig. 56 J. This l i thofac ies 
includes I ±) r i pp le cross-laminated s i l t s t o n e (fl),* xi) d i r ty 
white shale (fm ,^" and i i i ^ hor izonta l ly bedded sandstone 
including f ine-grained sandstone ( S r j . Part ing l inea t ions 
commonly develope in Sh f a c i e s . 
The associat ion of f l , fm, Sh and Sr facies with sandstone 
bodies as re fer red to above i s gene t ica l ly important. Reineck 
and Wunderlich (1967a/b, 1969 J have a t t r i bu t ed these association 
and s t ruc tu res e i t h e r to i n t e r - t i d a l f l a t s or beach depos i t s . 
Ripple cross-laminated s i l t s t o n e (fl> and cross-laminated f ine-
sandstone (Sr^ fac ies may be in te rp re ted as abundant bedload 
sediment supply (Jopling and Walker, 1968^, which may have been 
the cause for t h e i r preservat ion during in t e rmi t t en t i n t e r -
t i d a l event (Cheng, 1982^. Par t ing l inea t ion occurring in 
combination with Sh facies i s a good indicat ion of deposition 
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in the upper flow regime (Reineck and Singh, 1980, p .65J . 
In summing-up, the overal l environment of Ranipat represent 
deposit ion in shallow water shore l ine complex. The nature of 
crossbedded sandstone facies and associated fine e l a s t i c s 
denotes deposition in a nea r sho re / coas t a l - t i da l , subtidal and 
beach environments, as v i sua l i sed in Figure 57. 
Wadhwan_Formation 
Figure 58 i s a schematic facies model of Wadhwan s t r a t a , 
based on 3 borehole logs and 4 outcrop s ec t i ons . The few out-
crops of the Wadhwan Formation occurring in ter ruptedly in small 
patches consis t of interbedded pebbly coarse to medium sandstone 
and mudstone. The lower pa r t cons is t ing of mass ive/s t ructure-
l e s s buff to brown pebbly sandstone contains small lenses of 
foss i l -bea r ing limestone and coral banks (Fig. 58^. This 
fac ies associat ion passes upward i n to 0.5 to 2m thick sharply 
based coarse-grained crossbedded sandstone showing i so la ted 
s e t s of Sp and St more than cose t s , often interbedded with 
brown s i l t s t o n e . Both planar and trough forese ts exhibi t 
s imi la r mean forese t o r ien ta t ion (•'"^ 224+80°). 
The associa t ion of c l a s t i c and non-c la s t i c sediments with 
marine fauna and coral banks may represent i n t e r ca l a t i on of 
nearshore facies of cont inental c l a s t i c and marine foss i l i fero^s 
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non-clastic environments. The massive structureless channeled 
and coarse pebbly sandstone may be attributed to sheet-like 
deposits of fluvial channels entering a shallow sea (Hayward, 
1983 J. The calcareous lenses of coral banks may suggest onshore 
marine ingression through tidal or estuarine inlets (Clifton, 
1913). The absence of bimodal crossbedding, and ripples, 
generally considered indicative of tidal currents (Johnson, 
1978), may suggest that the Wadhwan shoreline may have been 
subjected to microtidal influence and not to prolonged major 
tidal activity. One possibility may be that the facies assem-
blage represents estuarine environment with clastic sediments 
supplied from the continental and calcareous and fossiliferous-
components from nearshore marine. The tidal channels in 
estuaries are often inhibited by benthonic organisms chiefly 
crabs and few mollusc which produce biogenic organism including 
burrows (Tankard and Hobday, 1977 J. However, the density of 
population of the fauna is generally low, and due to continuous 
reworking of these sediments biogenic structures are rarely 
preserved, as is commonly the case with the Wadhwan assemblage. 
At best, the Wadhwan represents localised deposition in 
embayments and estuaries as part of continuing marine trans-
gression following Ranipat. Pebbly coarse sand may represent 
shoals and sand bars of annbayments, or may have been deposited in 
and around the channels of estuaries and embayments, with or 
without the influence tidal currents. Interbedded lenses of 
fossiliferous limestone may have been deposited in bays 
protected by waves and currents. 
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PALEOGEOGRAPHY AND SHORELINE RECONSTRUCTION 
Integrated synthesis of lithofacies framework and deposi-
tional environments provides a basis for reconstructing sedi-
mentologic and paleogeographic evolution of the Mesozoic rocks 
in this part of Gujarat. 
Thus, the bulk of the crossbedded sandstone bodies and 
fine elastics including carbonaceous shale of the Than 
Formation may represent deposition in distributary channels 
and low lying plains of delta complex. The distributary 
channels of lower delta plain flowed seaward dominantly toward 
southwest as brought out by crossbedding foreset orientation,* 
low lying interchannel areas providing suitable environments 
for the accumulation of interbedded fine elastics and carbo-
naceous shale, including coal stringers (Fig. 53). The 
coarsening upward character, occasionally noted in Than 
sediments, may likewise be attributed to periodic seaward 
delta progradation. 
The succeeding Surajdeval Formation, characterised by 
fining-upward cycles of lower crossbedded sandstone and upper 
laminated red shale and mud, is much like Than in that the 
sedimentation was brought out largely in delta distributaries 
and inter-channel delta plain in the proximity of shoreline 
(Fig. 55). Delta distributary channels flowed southwest ward 
as during Than, whereas a • subsidiary direction of transport 
toward northwest, which was more or less transverse to the 
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southwesterly paleoflow, may correspond to longshore and/or 
tidal currents of shoreline environment,* the latter conditions 
were particularly common during the sedimentation of upper 
Surajdeval. Thus, the Surajdeval sediments represent a domain 
of nearshore, inter-tidal and shallow subtidal environment. 
However, most of the sandstone bodies of the succeeding 
Ranipat, with large crossbedding directed mostly southwest, 
possibly, were foxmed by subtidal-ebb currents rather than 
delta distributaries as discussed earlier, whereas those 
exhibting foreset orientation towards northwest by longshore/ 
flood tidal (?) currents. The associated fine clastic assan-
blage showing ripple-cross-laminated siltstone and parting 
lineation may represent inter-tidal flats or beach deposits, 
which may have been preserved during intermittent inter-tidal 
event. 
The calcareous lenses of coral banks in the upper most 
Wadhwan Formation may suggest onshore marine ingression 
during the course of Wadhwan sedimentation. The above sediment 
assemblage was possibly of estuarine origin with clastic 
sediments supplied from easterly continent and calcareous 
fossiliferous-components from westerly nearshore marine environ-
ment. It is possible that the Wadhwan area was connected by 
an embayment opened up in a broad shallow sea to the west and 
to the south of the study area. Figure 59 dononstrates an 
overall glimps of paleogeography and shoreline at the end of 
Mesozoic sedimentation in Gujarat and western India. 
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C h i p l o n k a r and B o r k a r (197 5) r e p o r t e d m a r i n e f o s s i l s i n thf- Wadhv/an 
Format ion whicn t h e y c o n s i d e r t o be s i m i l a r t o t n o s e touiid in t n e 
Bagn s t r a t a and u p p e r p a r t of Nimar S a n d s t o n e ( C h i p l o n k s r e+- a ] . , 
1 9 7 ? ; o ingh and S r i v a s t a v a , 1 9 8 i ; C h i p l o n k a r , 1980J . C o n s e q u e n t l y , 
t h e Wadhwan and Bagh s e d i m e n t s may we l l be s y n c h r o n o u s in age axid 
r e p r e s e n t s n a l l o w m a r i n e d e p o s i t s of a s h o r t - l i v e d m a r i n e t r a n s g r e -
s s i o n in Narbada V a l l e y d u r i n g L a t e - C r e t a c e o u s ( S i n g h , 1981 J . 
In summing up , t h e deve lopment of Mesozoic b a s i n of Gu ja ra t on 
t h e w e s t e r n marg in of t h e A r a v a l l i C r a t o n i s a t e c t o n i c r . l l y s i g n ; -
f i c a n t e v e n t , h a v i n g o c c u r r e d soon a f t e r r i f t i n g and d r i f t i n g of t h e 
I n d i a n s u b c o n t i n e n t i n t h e T r i a s s i c , w i t h c o n s e q u e n t o n s e t of v.dde 
s p r e a d m a r i n e t r a n s g r e s s i o n i n m i d d l e and u p p e r J u r a s s i c t i m e . 
C o n s e q u e n t l y , t h e S a u r a s h t r a b a s i n as a l s o Kutch and Himatnagar 
b a s i n s , of G u j a r a t w i t n e s s e d s e d i m e n t a t i o n d u r i n g m i d d l e o r upper 
Mesozo ic ( J u i - a s s i c / C r e t a c e o u s j f o r t h e f i r s t t i m e , d i r e c t l y above 
t h e P r e c a m b r i a n b a s e m e n t . 
I n d e e d i t was a n a r r o w l o n g i t u d i n a l b a s i n , a f a i l e d - r i f t o r an 
a u l a c o g e n ( C a s s h y a p , 1 9 8 7 ) , which e x t e n d e d f o r a b o u t 220 km frcan 
A r a v a l l i h i g h l a n d s i n t h e e a s t t o t h e s h o r e l i n e and s h e l f which l a y 
i n t h e p r o x i m i t y of t h e s t u d y t o t h e w e s t a r e a . Much of t h e sed imen-
t a t i o n i n t h e g i v e n b a s i n was b r o u g h t a b o u t on a f l u c t u a t i n g d e l t a 
p l a i n complex which r e t r o g r a d e d , f o l l o w i n g i n i t i a l p r o g r a d a t i o n , and 
s o a l s o t h e a d j o i n i n g s h o r e l i n e e n v i r o n m e n t s t r a n s g r e s s e d n o r t h e a s t -
ward, as s e d i m e n t a t i o n p r o g r e s s e d from Than, S u r a j d e v a l , t h rough 
R a n i p a t t o Wadhwan. The Wadhwan, i n p a r t i c u l a r , w i t n e s s e d a d i s t i n c t 
t r a n s g r e s s i o n i n c l u d i n g an embayment which e x t e n d e d e a s t w a r d o n t o t h e 
p e n i n s u l a t h r o u g h t h e Narbada t r o u g h as i s e v i d e n t from F i g u r e 59 . 
l^-y3 
WADHWAN 
S H O R E L I N E 
-I- + 
2 00 Km 
7 2 * ,76^ 80 ' 
F i g . 59 Map shovving p a l e o g e o g r a p h y d u r i n g Wadhwan ( m i d - C r e t a c e o u s J 
t i m e , i n c l u d i n g p o s s i b l e e x t e n s i o n of m a r i n e embayment and 
p o s i t i o n of s h o r e l i n e i n and a round t h e s t u d y a r e a . 
Chapter VI 
SUMMAR Y_AN D_ CON CLU SI ON S 
The Mesozoic Gondwana rocks of Gujarat State outcrop in 
three areas, nainely i) Bhuj-Lakhpat, in the district of 
Kutch,* ii J Himatnagar, in the district of Sabarkantha,* and 
iiiJ Surendranagar-Wankaner, in the district of Saurashtra. 
The Mesozoic rocks of Surendranagar, representing about 600 m 
thick of clastic sequence, outcrop circularly as inlier 
surrounded by the younger Deccan Traps (basaltJ, and cover an 
area of about 1800 sq km, as well as extend in the subsurface 
towards east, west, north and south. The present study deals 
with stratigraphy, surface and subsurface lithofacies, paleo-
flow, and textural and mineralogical canposition of the 
Mesozoic rocks, and aims at unravelling paleoflow and paleo-
slope, provenance, depositional history, and paleogeography 
of the sediments in the given area. 
The main conclusions of this investigation are summarised 
hereunder ', 
1. The study area was geologically mapped on a scale of 
1150,000, and four mappable rock units, herein called formation, 
were recognised and delineated. The four formations of the 
Dhrangadhra Group are! Than (^ 1^25 m^ at the base, succeeded 
by Surajdeval (17 5 m) , Ranipat (200 m) and Wadhwan (•A-'50 m^ at 
the top. The sequence in each formation comprises recurring 
assemblage of fining-upward cycles, in which lower sandstone 
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member exceeds upper shale s i l t s t o n e member, generally 
speaking,' the lowermost Than Formation, however, represents 
a case of coarsening upward cycle in p l aces . 
The Than s t r a t a abound in f i n e - c l a s t i c s including fine 
sandstone (52-6 4%J, with subordinate amount of coarse sand-
stone (14-25%J. The succeeding sequence from Surajdeval to 
Wadhwan shov;s a progressive decrease of f ine e l a s t i c s and 
increase of sandstone,' so does the sequence from western to 
eastern par t of the study area, spec ia l ly in the Ranipat 
assemblage. 
2. Eleven l i t ho fac i e s were recognised including 7 major 
facies and 4 minor facies in the Dhrangadhra group of rocks, 
on the bas is of colour, grain s i ze and sedimentary s t r u c t u r e s . 
These l i t ho fac i e s are I iJ quartz-pebble conglomeratic sand-
stone (S-cgJ, i i ^ planar crossbedded sandstone (Spj, i i i ^ 
trough crossbedded sandstone (S t j , iv) hor izonta l ly bedded 
to gently inc l ined sandstone (ShJ, v) small-scale crossbedded 
f ine-grained sandstone (SrJ, vi) laminated to r ipple-laminated 
s i l t s t o n e / s h a l e ( f l^ , v i i ) muddy shale/carbonaceous (fmj, 
v i i i J f l a se r bedded f ine-grained sandstone (Sfz^, ix^ herr ing-
bone crossbedded sandstone (S-hbJ, x^ hummocky c r o s s - s t r a t i f i e d 
sandstone (S-hcsJ, xx) f o s s i l i f e rous limestone (Lf j . 
-ZS2Z^^SiiSB developed loca l ly , includes small pebbles 
(2-4 Tcm), white to d i r t y white in colour, which are commonly 
subangular, subrounded to rounded, and predominantly quartzose 
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in composition. Sg- and_St-facies representing coarse to 
medium grained, buff, d i r ty white to white sandstone, show 
extensive development of l a rge - and medium scale cosets of 
planar and trough crossbedding," Sp-facies also displays gently 
erosional reac t iva t ion sur face . Sh-facies of medium to f ine-
grained sandstone exhibi ts th in ly developed horizontal or 
evenly laminated to gently inc l ined bedding, as well as 
loca l ly shows par t ing l i n e a t i o n . §£z^§cies i s predominantly 
medium to f ine-grained sandstone exhibi t ing small scale Sp 
and St crossbedding se t and cosets,* i t l i e s canmonly in the 
upper pa r t of sandstone member, succeeding la rge-sca le cross-
bedding u n i t . £li:_and_Fm-facies, represented by red, grey 
and white s i l t s t o n e and shale and fine to very f ine-grained 
sandstone, display p a r a l l e l lamination or are massive. Other 
subfacies of medium to f ine-grained sandstone include Sfz-
fac ies charac ter i sed by f l a se r , wavy to l e n t i c u l a r bedding,* 
§I^^Z^§£iS§ charac ter i sed by planar crossbedding in diagonal 
to opposite d i rec t ion , resembling herringbone crossbedding,* 
and S-hcs-facies marked by hummocky bedding,* the l a t t e r two 
facias occur associated with thin layers of laminated shale 
and s i l t s t o n e . l;f~facies charac te r i sed by foss i l assemblage, 
occurs as thin lenses pebbly coarse to medium sandstone. 
3 . Paleoflow study of the Dhrangadhra sandstone was under-
taken to examine paleocurrent and paleodrainage in each 
formation and i t s implicat ion in basin analysis and configu-
r a t i o n . The study i s based on 3542 readings of crossbedding 
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foreset dip azimuth of large and small scale from Than (293j, 
Surajdeval (1446J, Ranipat (1671j, and Wadhwan {132j sandstone. 
The data were analysed at outcrop and then at formation level, 
after pooling the entire outcrop data. The results bring out 
two important drainage patterns in each formation, one directed 
toward southwest to west based on large scale trough and planar 
crossbeds, and the other toward west-northwest and northwest as 
deduced from small scale crossbeds. The domiant drainage 
directed southwest is attributed largely to nearshore delta 
distributaries and/or ebb tidal currents, and the subsidiary 
system toward northwest to the periodic longshore currents 
and/or flood sheets. To svun-up, the study reveals a great 
deal of consistency in the paleoflow pattern and hence in 
paleoslope, from east-northeast to west-southwest during the 
course of Mesozoic sedimentation, from Than at the base, 
through Surajdeval, Ranipat, to Wadhwan formation at the top. 
4. The textural analysis of sandstone indicates that mean 
grain size increases from Than (0.198-0.117 mm J, Surajdeval 
(0.257-0.213 mmj, through Ranipat (0.5-0.378 mmJ, to Wadhwan 
(0.716-0.469 mm;. Similarly, the bulk of the sandstone 
demonstrate positive i+) skewness especially in Than and 
Surajdeval formations, implying that the given sandstones 
include greater admixture of fine sediments, as against those 
of Ranipat and Wadhwan (-0.152,* 0.19) which show excess of 
coarse admixture. By and large, the Dhrangadhra sandstone 
is moderately to well sorted (o-,- = 0.52 - 0.84 i ) . 
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5. Petrographically three types of sandstone characterise 
the Dhrangadhra group of formations, namely quartzarenite, 
subarkose, and sublitharenite, as listed below '. 
Quartzarenite Subarkose ^^^iiil}§££Di^^ 
Wadhwan 100.00% 
Ranipat W.00% 53.33% 6.66% 
Sura jdeval 26.66% 60.00% 13.33% 
Than 33.33% 66.66% 
Quartz, as t h e most dominant c o n s t i t u e n t , i n c l u d e s mono-
c r y s t a l l i n e v a r i e t y of igenous and sedimentary d e r i v a t i o n more 
than p o l y c r y s t a l l i n e v a r i e t y of metamorphic o r i g i n . Feldspar 
i s nex t t o q u a r t z and i n c l u d e s mainly mic roc l ine and o r t h o -
c l a s e , and l o c a l l y p l a g i o c l a s e . The l i t h i c fragments c o n s i s t 
of q u a r t z i t e , c h e r t , and small amount of s l a t e and p h y l l i t e . 
S ix type of cementing m a t e r i a l ( ca rbona te , s i l i c a , i ron oxide, 
c h e r t , opa l , k a o l i n i t e ^ and t h r e e types of d e t r i t a l ma t r ix 
(or tho- , pseudo-, ep i -ma t r i x^ occupy t h e pore spaces of the 
framework c o n s t i t u e n t s in vary ing p r o p o r t i o n . Heavy minera l s 
show a preponderance of ga rne t , z i r con , tourmal ine , s t a u r o l i t e , 
rTJt i le and e p i d o t e . 
6 . Quartzose pebb les i n conglomera t ic sands tone and overa l l 
composi t ion of framework c o n s t i t u e n t s and heavy mine ra l s provide 
evidence of mixed composi t ion for t h e provenance, comprising 
a c i d igneous ( g r a n i t e and p e g m a t i t e j , low t o medium grade meta-
morphic rocks ( g n e i s s j , and p r e - e x i s t i n g metasedimentary 
( q u a r t z i t e J and s e d i m e n t a r i e s r o c k s . Indeed, rocks of s i m i l a r 
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composition constitute the Archean and Proterozoic Pre-Aravalli, 
Aravalli, Delhi and Vindhyan rocks outcropping in the north-
eastern part of the study area. The southwesterly directed 
paleodrainage corroborate the above contention, and locates 
the provenance towards northeast. The study reveals, beyond 
doubt, that the given Mesozoic sediments were derived largely 
from the Aravalli highlands situated some 220 km to the north-
east of the study area. 
7. Generalised facies models provide a basis for reconstruc-
ting the broad depositional environment of each formation of 
the Dhrangadhra Group, as follows I 
a) The Than Formation consisting of carbonaceous and plant 
bearing shale and siltstone, and grading up into thinly 
interbedded shale and sandstone, occasionally displays a 
coarsening upward sequence. The planar and trough cross-
bedding foresets ccanmonly exhibit unimodal distribution 
with mean orientation towards southwest (267 +81 ) , but 
locally bimodal distribution reveals a secondary direction 
toward west-northwest (321 +97 ) . It is suggested that 
Than sedimentation, overall, was brought about by south-
westerly flowing distributary channels, levees and back-
swamps of a constructive delta plain,* the coarsening upward 
character may represent a case of seaward delta prograda-
tion with occasional influence of northwesterly longshore 
currents, parallel to shoreline. 
h) The succeeding Surajdeval Formation consists of recurring 
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fining-upward cycles in which lower crossbedded white to 
pink sandstone member exceeds upper red-shaly member. 
Sandstone bodies in the upper par t are characterised by 
b id i rec t iona l crossbedding and th in ly interbedded red 
fine e l a s t i c s , hummocky c r o s s - s t r a t i f i c a t i o n and local ly 
quartz pebble conglomerate. Planar and trough cross-
bedding forese ts display dominant paleoflow direct ions 
d i rec ted toward south-southwest (217 +9 5 ) , and north-
west and nor th-nor theas t (296°+96°, 20°+71°}. The fining 
upward character may be a t t r i b u t e d to l a t e r a l shi f t ing 
of meandering channels of de l ta d i s t r i b u t a r i e s which were 
widely developed in d i s t a l pa r t s of del ta bui ld ing . Red 
shale (fm^ facies may have formed as overbank of i n t e r -
channel mud p la ins and f l facies as overbank flood 
sediments of minor -d i s t r ibu ta ry channels . 
c) The Ranipat Fontiation cons is t s of recurr ing fining-upward 
cycles , a l t e rna t ing with sandstone, s i l t s t o n e and sha le . 
Each cycle i s charac ter i sed by decreasing scale of cross-
bedding in white sandstone, from large through small scale 
planar and trough including herringbone crossbedding. 
The fining-upward character and opposite to diagonally 
or iented b id i r ec t i ona l paleocurrent pa t t e rn , c lear ly 
ind ica t e a dcsninance of nearshore coastal domain,* a l t e r -
nat ing sandstone, s i l t s t o n e and shale of the Ranipat may 
have formed during i n t e r m i t t e n t i n t e r - t i d a l event . 
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d) The Wadhwan Formation is characterised by massive/strac-
tureless buff to brown pebbly sandstone, containing smaJ1 
lenses of fossj 1-bearing limestone and coral bank;,. The 
paleoflow pattern indicates southwesterly direction. 
Massive, channeled, coarse pebbly sandstone may be attri-
buted to sheet like deposits of fluvial char;neJs. The 
calcareous lenses of coral banks may corroborate onshore 
marine ingression with some reworking by wave processes. 
8. The bulk of the detritals of the Mesozoic sequence of the 
study area, including quartz, lithic fragments, and heavy mineral 
types may have had their derivation largely from Erinpura granite, 
pre-Aravalli, Aravalli, and Delhi metasediments including quart-
zites and greywackes. Admittedly, these rocks, at the present 
time, are widely exposed in the northeastern part of the study 
area, forming the southern part of Aravalli Hills as corroborated 
by the paleocurrent study. 
9 . To s\am up, the given Mesozoic basin of Saurashtra represents 
an example of a longitudinal trough (aulacogen; developed on 
the western margin of the Aravalli craton. The sedimentation 
in this basin was brought about for the first time at the onset 
of widespread marine transgression In middle to late Jurassic 
time in this part of the craton, and terminated, apparently, by 
the eruption of Deccan flows in middle to late Cretaceous which 
presently overlie the Mesozoic sediment over a great part of 
Saurashtra. 
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APPENDIX I 
CALCULATED PERCENTAGE OF LITHOTYPE FROM BOREHOLE LOGS 
Serial Borehole Coarse Medium Fine grained Carbo-
Nos. Numoer grained grained sandstone naceous 
sandstone sandstone (in percent^ shale/ccal 
(in percent/* (in percent J (in percent 
Wadhwan Formation 
1 
2 
3 
4 
13 
7 
20 
9 
6 1 . 6 1 
53 .08 
48.07 
66 .02 
23.76 
3 9 . 5 6 
44 .08 . 
2 0 . 1 4 
1 4 . 6 1 
7 .30 
7 .83 
1 3 . 8 4 
5§2i2^£_?2£^'2t^22 
5 
6 
7 
8 
9 
10 
11 
1 2 
13 
1 4 
15 
16 
28 
27 
3 
1 4 
11 
32 
17 
22 
1 5 
1 8 
19 
0 5 
1 2 . 9 2 
21 .32 
57 .53 
42 .92 
3 2 . 7 4 
48.16 
51 .19 
40.7 2 
52 .32 
49 .11 
50 .39 
48 .15 
43 .51 
3 6 . 9 2 
3 4 . 0 2 
39 .07 
34 .39 
3 2 . 8 2 
32 .36 
3 9 . 8 2 
31 .19 
30 .07 
38 .17 
3 7 . 1 9 
'i3.6 5 
40 .84 
8 .42 
1 8 . 0 1 
32 .87 
1 9 . 0 2 
1 6 . 4 5 
19 .46 
16 .49 
20 .82 
11 . 4 4 
14 .66 
C o n t d . . . 
Contd. Appendix I 
Serial Borehole Coarse Medium Fine grained Caroonaceou; 
Nos. Number grained grained sandstone shale/coa^ 
Sandstone sandstone (in percent^ (in percent 
(in percent) (in percent) 
H^£^ i^ ?Y^ -'- Formation 
17 
18 
19 
20 
21 
22 
23 
7 
19 
17 
5 
13 
22 
1 4 
2 3 . 3 1 
3 6 . 3 2 
3 5 .45 
2 5 . 1 5 
25 .49 
26 .06 
2 2 . 3 2 
20 .30 
21 .3 2 
23.16 
22 .43 
27 .19 
2 3 . 2 2 
42 .30 
56.39 
42.36 
41.39 
52 .42 
47 .3 2 
50.7 2 
3 5 . 3 8 
Than Fonriation 
24 
25 
26 
27 
28 
3 
7 
5 
16 .7 8 
1 4 . 2 9 
1 9 . 1 1 
2 1 . 1 0 
1 9 . 8 4 
21.17 
23 .19 
2 6 . 1 5 
46.33 
40.32 
45 .13 
47.19 
15 .90 
24.22 
12.57 
5.56 
APPENDIX II 
OUTCROP LEVEL VALUES OF VECTOR MEAN (Gvi AND VECTOR STRENGTH (L%J 
FOR WADHWAN, RANIPAT, SURAJDEVAL AND THAN CROSSBEDDED SANDSTONE, 
Outcrop Number Niomber of Readings (Gv-) L% 
(NJ in degrees 
WADHWAN FORMATION 
Planar Crossbedding 
1 30 229 8 3 . 8 0 
2 11 189 9 8 . 0 0 
3 5 236 9 6 . 6 8 
4 9 231 9 1 . 7 1 
5 13 208 95 .86 
6 10 233 9 7 . 1 4 
7 15 265 9 5 . 2 1 
8 5 177 7 3 . 1 4 
Trough Crossbedding 
1 13 231 9 6 . 0 5 
2 21 218 69 .87 
RANIPAT FORMATION 
Small Scale Planar Crossbedding 
1 16 
2 12 
3 13 
4 11 
5 9 
6 12 
7 18 
273 
29 4 
331 
279 
322 
288 
221 
7 1 . 6 4 
8 8 . 3 8 
8 7 . 3 0 
9 3 . 1 3 
9 1 . 6 3 
9 0 . 0 0 
95 .66 
C o n t d . . . . 
Contd. Appendix II 
O u t c r o p Number 
8 
9 
1 0 
11 
12 
13 
1 4 
15 
16 
17 
1 8 
19 
20 
21 
22 
23 
2 4 
25 
26 
27 
28 
29 
30 
31 
32 
33 
3 4 
35 
36 
37 
38 
39 
Number o f R e a d i n g s 
(N) 
16 
21 
13 
15 
13 
16 
13 
17 
20 
11 
21 
7 
13 
1 0 
7 
9 
29 
13 
31 
8 
31 
30 
6 3 
1 1 
20 
25 
51 
29 
30 
19 
17 
1 5 
i n d e g r e e s 
245 
300 
350 
3 47 
3 3 4 
332 
211 
298 
322 
3 0 4 
27 4 
328 
11 
1 0 
277 
302 
242 
241 
26 2 
3 45 
27 5 
281 
340 
348 
3 0 5 
7 
3 1 4 
250 
240 
260 
3 1 4 
330 
C o n t d . 
L% 
97 .07 
81 . 8 0 
9 4 . 0 7 
9 3 . 8 0 
9 6 . 7 6 
9 6 . 6 2 
9 0 . 1 5 
86 . 0 0 
7 6 . 3 5 
9 6 . 8 4 
8 8 . 8 5 
9 6 . 6 5 
8 3 . 9 9 
97 . 8 0 
97 . 2 2 
96 . 6 3 
8 8 . 6 5 
9 6 . 6 1 
5 5 . 9 2 
9 3 . 2 9 
7 8 . 5 8 
5 2 . 8 0 
3 2 . 0 0 
9 4 . 0 1 
7 9 . 8 0 
8 8 . 3 1 
7 8 . 2 1 
9 1 . 0 1 
9 3 . 7 6 
8 2 . 1 6 
8 0 . 7 6 
7 2 . 1 6 
• • • 
Contd. Appendix II 
O u t c r o p Number 
40 
41 
42 
1 
2 
3 
4 
5 
6 
7 
8 
9 
1 0 
1 1 
1 2 
13 
1 4 
1 5 
16 
17 
18 
19 
20 
21 
22 
23 
2 4 
25 
26 
27 
Number o f R e a d i n g s 
(N; 
19 
12 
1 5 
L a r g e S c a l e P l a n a r 
8 
9 
11 
9 
13 
22 
16 
25 
30 
7 
9 
30 
22 
16 
30 
1 2 
7 
7 
6 
8 
6 
9 
6 
7 
6 
30 
29 
(Gvj 
i n d e g r e e s 
255 
27 5 
300 
C r o s s b e d d i n g 
236 
248 
9 1 c 
292 
231 
217 
221 
233 
227 
250 
251 
218 
231 
228 
216 
223 
212 
237 
235 
2 4 4 
235 
208 
205 
203 
240 
245 
220 
L% 
8 8 . 3 5 
7 9 . 1 5 
7 2 . 3 2 
96 . 8 0 
9 7 . 6 4 
92 . 69 
9 1 . 7 4 
8 9 . 8 3 
9 3 . 0 6 
9 1 . 4 8 
9 1 . 5 1 
8 8 . 9 6 
9 0 . 7 1 
8 9 . 7 5 
8 9 . 8 3 
8 9 . 4 9 
9 1 . 4 8 
9 1 . 5 1 
8 8 . 9 6 
9 6 . 6 6 
96 .66 
9 6 . 9 7 
9 6 . 8 0 
9 6 . 9 7 
9 6 . 6 3 
9 6 . 9 7 
9 7 . 2 2 
9 6 . 5 9 
8 7 . 5 9 
6 9 . 1 1 
Contd. 
Contd. Appendix II 
O u t c r o p Number 
28 
29 
30 
31 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
1 1 
12 
13 
1 4 
15 
16 
17 
1 8 
19 
20 
21 
22 
23 
24 
2 5 
26 
Number of R e a d i n g s 
(NJ 
25 
27 
7 
15 
L a r g e S c a l e T r o u g h 
1 4 
1 4 
32 
9 
13 
1 0 
10 
8 
16 
9 
1 0 
7 
8 
8 
9 
9 
7 
1 0 
1 2 
1 1 
11 
1 1 
1 1 
9 
7 
6 
(ev; 
i n d e g r e e s 
242 
245 
220 
235 
C r o s s b e d d i n g 
244 
277 
279 
352 
246 
26 4 
313 
27 4 
26 4 
257 
27 4 
273 
236 
255 
271 
252 
27 4 
246 
07 
27 4 
3 3 5 
1 1 
268 
276 
26 4 
26 5 
L% 
7 0 . 1 0 
8 2 . 5 2 
9 0 . 1 3 
87 . 1 1 
9 5 . 1 4 
53 . 6 2 
6 5 . 2 8 
9 1 . 7 4 
9 2 . 6 6 
9 7 . 1 4 
9 6 . 9 8 
9 6 . 8 0 
8 5 . 6 8 
8 2 . 7 2 
8 3 . 8 5 
9 6 . 6 6 
9 6 . 8 0 
8 9 . 9 5 
7 6 . 4 9 
9 2 . 7 2 
9 6 . 6 6 
8 1 . 8 5 
8 2 . 3 3 
8 2 . 0 6 
8 0 . 3 7 
9 0 . 0 6 
8 8 . 1 4 
8 9 . 1 0 
8 5 . 1 4 
9 8 . 0 1 
Contd. 
Contd. Appendix I I 
O u t c r o p Number 
27 
28 
29 
30 
31 
32 
33 
3 4 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
1 
2 
3 
4 
5 
6 
7 
8 
9 
Number o f R e a d i n g s 
( N j 
7 
6 
5 
7 
8 
9 
7 
8 
6 
5 
9 
11 
1 2 
9 
1 1 
9 
5 
4 
6 
7 
9 
S m a l l S c a l e Trough 
11 
16 
1 8 
11 
5 
9 
1 0 
7 
1 0 
i n d e g r e e s 
270 
269 
255 
277 
268 
300 
27 4 
273 
26 2 
255 
260 
310 
270 
255 
260 
240 
245 
240 
27 2 
26 4 
26 2 
C r o s s b e d d i n g 
335 
330 
323 
316 
333 
3 42 
3 5 4 
328 
3 48 
C o n t d . 
L% 
9 8 . 1 1 
9 6 . 1 3 
8 2 . 4 7 
7 9 . 8 9 
9 1 . 1 0 
8 8 . 1 3 
8 1 . 4 2 
9 1 . 1 3 
8 8 . 1 4 
9 1 . 1 1 
8 9 . 1 0 
9 2 . 1 3 
8 7 . 1 1 
7 2 . 1 3 
9 8 . 1 1 
9 8 . 0 1 
9 6 . 1 1 
8 7 . 4 9 
5 2 . 1 3 
5 5 . 1 9 » 
8 9 . 1 3 
8 1 . 8 1 
8 8 . 5 0 
7 6 . 7 9 
6 9 . 9 7 
6 6 . 7 2 
9 2 . 7 2 
5 1 . 9 5 
9 6 . 6 6 
9 3 . 4 3 
Contd. Appendix n 
O u t c r o p Number 
1 0 
1 1 
12 
13 
1 4 
1 5 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
3 4 
3 5 
36 
37 
38 
39 
40 
41 
Number of R e a d i n g s 
( N ; 
10 
9 
12 
26 
12 
8 
12 
12 
7 
6 
9 
7 
8 
7 
6 
7 
6 
7 
8 
7 
5 
7 
6 
7 
6 
6 
8 
1 2 
7 
6 
8 
7 
( e v j 
i n d e g r e e s 
292 
3 48 
333 
285 
290 
296 
3 47 
29 5 
3 21 
296 
26 5 
268 
27 2 
315 
3 2 5 
10 
295 
320 
330 
3 5 5 
27 5 
15 
13 
335 
290 
7 
27 5 
295 
310 
3 1 5 
310 
3 2 5 
C o n t d . 
L% 
6 0 . 1 4 
8 9 . 7 4 
9 2 . 3 9 
5 5 . 5 5 
9 0 . 2 7 
9 0 . 8 0 
9 2 . 2 7 
7 9 . 2 9 
7 8 . 1 4 
8 2 . 4 5 
8 6 . 2 6 
6 2 . 4 0 
6 8 . 1 9 
9 6 . 1 3 
9 2 . 5 2 
7 2 . 1 9 
6 4 . 4 3 
8 8 . 1 9 
9 1 . 1 1 
9 1 . 1 9 
8 2 . 1 3 
9 1 . 1 9 
9 0 . 1 3 
8 2 . 1 9 
6 4 . 1 3 
9 1 , 9 2 
9 0 . 1 1 
9 1 . 1 3 
9 2 . 3 9 
9 1 . 1 8 
9 2 . 1 1 
7 2 . 0 1 
• • 
Contd. Appendix II 
„ ^ VI I. Number of Readings (Qv) , „. Outcrop Number /., , . ., L% 
^ iU) m degrees 
SURAJDEVAL FORMATION 
Large Scale Planar Crossbedding 
1 12 
2 22 
3 21 
4 1 0 
5 9 
6 9 
7 1 1 
8 1 8 
9 26 
1 0 1 8 
11 21 
12 1 8 
1 3 39 
1 4 22 
1 5 16 
16 1 2 
17 9 
1 8 20 
19 16 
20 22 
21 20 
22 1 0 
23 6 
2 4 7 
25 9 
26 1 1 
27 1 0 
28 9 
29 1 0 
2 49 
267 
267 
245 
285 
283 
214 
258 
221 
260 
27 2 
3 3 4 
241 
285 
3 5 5 
2 8 5 
3 40 
260 
26 5 
207 
210 
1 8 5 
2 1 5 
270 
240 
263 
261 
3 5 5 
270 
C o n t d . . 
9 1 . 4 4 
7 6 . 7 5 
9 2 . 4 6 
9 6 . 7 2 
9 4 . 0 4 
8 8 . 1 8 
9 6 . 8 4 
7 0 . 4 5 
6 5 . 3 6 
9 3 . 6 7 
7 4 . 3 6 
5 7 . 1 9 
9 3 . 7 8 
7 7 . 7 4 
9 3 . 5 0 
9 3 . 2 9 
9 7 . 6 4 
5 4 . 6 5 
9 2 . 4 3 
9 6 . 6 8 
9 3 . 8 0 
8 8 . 1 9 
9 2 , 1 4 
9 3 . 1 2 
8 8 . 1 7 
6 8 . 1 3 
7 8 . 1 1 
9 0 . 0 0 
9 2 . 0 0 
' • 
Contd. Appendix II 
^ ^ ,.11, Number of Readings (ev^  ^ „/ 
Outcrop Number ^^ ^ ^ ^^ degrees ^^ 
30 11 271 9 8 . 1 1 
31 9 266 9 5 . 1 0 
32 12 265 9 4 . 1 3 
33 9 250 9 1 . 1 1 
3 4 9 269 8 7 . 4 3 
35 11 2 5 5 9 1 . 1 8 
36 6 275 8 8 . 1 3 
37 13 13 8 9 . 1 9 
38 11 1 7 8 8 9 . 1 1 
Small Scale Planar Crossbedding 
1 12 
2 11 
3 10 
4 9 
5 16 
6 1 5 
7 11 
8 1 4 
9 9 
1 0 21 
1 1 17 
12 1 4 
1 3 24 
1 4 11 
15 13 
16 38 
17 1 8 
1 8 7 
19 9 
20 11 
21 1 3 
2 4 5 
231 
234 
231 
249 
281 
283 
29 4 
3 0 0 
213 
2 1 4 
233 
3 4 0 
257 
297 
298 
288 
3 0 0 
270 
275 
3 3 0 
C o n t d . . 
9 6 . 9 7 
9 3 . 1 3 
97 . 1 4 
6 7 . 3 7 
4 8 . 5 3 
8 9 , 5 2 
9 4 . 0 1 
9 1 . 5 5 
7 7 . 6 6 
7 8 . 8 7 
9 2 . 2 4 
8 7 . 9 8 
6 5 . 3 6 
9 4 . 0 0 
9 2 . 6 9 
6 0 . 5 7 
9 1 . 2 3 
8 7 . 2 5 
9 1 . 5 5 
8 9 . 1 4 
9 4 . 0 0 
I • 
Contd. Appendix I I 
Outcrop Number 
22 
23 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
1 
2 
Number of Readings 
(NJ 
Small 
Large 
21 
6 
Scale 
21 
18 
20 
9 
15 
9 
8 
6 
7 
9 
7 
7 
9 
9 
9 
7 
12 
18 
15 
12 
10 
9 
10 
Scale 
11 
10 
Trough 
Trough 
in 
(evj 
degrees 
3 45 
20 
Crossbedding 
300 
303 
312 
329 
277 
310 
310 
325 
306 
329 
285 
293 
280 
285 
300 
285 
305 
300 
290 
313 
298 
304 
244 
Crossbedding 
240 
253 
Contd. 
L% 
92, 
71. 
88. 
82. 
92. 
96. 
92. 
84. 
91, 
96, 
97, 
96, 
96 
97 
77 
91 
80 
91 
79 
92 
88 
77 
87 
89 
96 
82 
92 
• • 
.25 
.12 
.57 
.36 
.09 
,63 
.03 
.46 
.83 
.97 
.22 
.63 
.66 
.22 
.66 
.06 
.14 
.21 
.43 
.21 
.21 
.11 
.21 
.14 
.11 
.66 
.01 
Contd. Appendix i i 
Outcrop Number 
3 
4 
5 
6 
7 
8 
9 
10 
11 
1 2 
13 
1 4 
15 
16 
17 
1 8 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
Number o f R e a d i n g s 
(N) 
10 
7 
20 
12 
11 
13 
5 
5 
16 
9 
11 
8 
12 
20 
1 0 
20 
1 4 
20 
20 
9 
9 
1 0 
15 
9 
7 
1 0 
1 2 
1 0 
11 
9 
21 
( e v j 
i n d e g r e e s 
250 
299 
239 
267 
26 2 
268 
2 43 
215 
23 5 
215 
216 
268 
278 
296 
258 
268 
300 
276 
220 
300 
245 
220 
257 
2 5 5 
270 
268 
2 5 5 
220 
220 
270 
240 
C o n t d , 
L% 
7 3 , 1 5 
9 6 . 6 6 
9 4 . 0 6 
96 . 6 8 
8 3 . 1 3 
96 .61 
9 6 . 7 2 
9 6 . 7 2 
9 0 . 5 2 
8 6 . 9 7 
9 2 . 0 1 
9 1 . 8 2 
9 7 . 4 1 
9 6 . 8 2 
9 4 . 4 2 
4 9 . 5 9 
9 0 . 1 1 
8 1 . 6 3 
9 6 . 7 0 
9 7 . 5 5 
87 .19 
9 1 . 4 5 
8 2 . 2 1 
7 1 . 0 1 
8 8 . 2 3 
8 9 . 1 4 
8 0 . 1 3 
9 1 . 1 1 
7 3 . 1 4 
9 5 . 1 3 
9 0 . 1 0 
• • 
Contd. Appendix II 
^ ^ VT A - Number of Readings (9vj , 
Outcrop Number ^^ ^ ^ in degrees ^'^ 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
1 
2 
3 
4 
5 
6 
Channel Sandstone (Dhaduka^ 
2 
3 
2 
4 
4 
4 
3 
4 
3 
4 
3 
4 
3 
3 
2 
3 
4 
3 
2 
3 
THAN FORMATION 
Planar Crossbedding 
1 1 
10 
7 
7 
1 1 
9 
212 
220 
1 9 5 
182 
210 
212 
1 9 5 
1 8 5 
220 
205 
178 
1 8 0 
230 
17 5 
189 
216 
220 
200 
1 8 5 
225 
268 
275 
2 5 5 
259 
278 
268 
96.66 
96 .66 
9 1 . 9 5 
96 .66 
96 .97 
96 .66 
9 1 . 8 5 
96 .97 
95 .16 
96.57 
96 .47 
97 .47 
9 5 . 4 2 
9 6 . 5 2 
97 .97 
9 6 . 6 2 
9 7 . 1 4 
9 6 . 1 3 
97 .47 
9 7 . 4 3 
8 4 . 8 4 
9 1 . 6 4 
9 2 . 3 4 
9 0 . 7 0 
8 3 . 1 3 
8 5 . 1 3 
C o n t d . . . 
Contd. Appendix I I 
O u t c r o p Number 
7 
8 
9 
10 
11 
12 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
1 1 
12 
13 
1 4 
15 
16 
17 
Number o f -
(NJ 
6 
1 1 
11 
9 
16 
19 
7 
1 1 
25 
1 4 
8 
7 
9 
8 
9 
11 
8 
9 
8 
9 
7 
7 
9 
R e a d i n g s 
T r o u g h 
( e v J 
i n d e g r e e s 
245 
268 
268 
3 0 5 
27 4 
26 4 
C r o s s b e d d i n g 
285 
293 
27 5 
293 
241 
268 
259 
256 
292 
283 
3 0 4 
241 
301 
27 5 
237 
242 
299 
L% 
96 .97 
8 7 . 2 1 
8 4 . 8 4 
8 2 . 5 8 
7 8 . 5 4 
6 6 . 5 4 
8 9 . 2 1 
8 3 . 1 3 
9 2 . 9 6 
7 0 . 8 8 
7 4 . 8 4 
9 6 . 6 6 
5 7 . 7 7 
7 7 . 9 1 
9 1 . 7 4 
9 1 . 5 8 
9 6 , 8 0 
9 6 . 6 3 
9 0 . 1 3 
7 9 . 6 5 
9 6 . 6 6 
9 6 . 6 6 
9 6 . 6 3 
APir-iiNDxX - I I I 
RESULTS OF S I Z t , FREQUn^NCY INUMBLR PbRCENT J DISTRIBUTIOK IK TIIL, 
WADHv-JAN S A J N D S T O N L OF DHRANoADHRA GROUP 
S a m p l e N u m b e r s 
S i z e c l a s s e s 
P h i mm 6 9 2 IC 
- 1 . 0 0 2 . 0 0 4 . 7 8 - - 5 . 3 6 
- 0 . 5 0 1 . 4 1 1 0 . 0 0 1 0 . 0 5 4 . 5 7 9 . 2 6 
0 . 0 0 1 . 0 0 1 6 . 0 8 1 8 . 5 1 1 2 . 4 1 2 0 . 4 8 
0 . 5 0 0 . 7 1 2 5 . 6 5 2 4 . 8 6 1 7 . 6 4 1 3 . 1 7 
1 . 0 0 0 . 5 0 3 1 . 3 0 3 2 . 8 0 2 0 . 9 1 2 0 . 4 8 
1 . 5 0 0 . 3 5 9 , 1 3 8 . 9 9 3 4 . 6 4 1 9 . 0 2 
2 . 0 0 0 . 2 5 3 . 0 4 4 . 7 6 5 . 8 8 6 . 3 4 
2 . 5 0 0 . 1 7 7 - - 3 . 9 2 4 . 3 9 
3 . 0 0 0 . 1 2 5 _ _ _ _ 
3 . 5 0 0 . 0 8 8 _ _ _ _ 
4 . 0 0 0 . 0 6 2 _ _ _ _ 
( C o n t d . ) 
Contd . Appendix I I I 
RtiiULTb UF 61Z:L Ft<t.u\Jt.NCY {NUMBER PERCENT; Dli^TRIBUTION 
IN THh RANIPAT SANDSTONE OF DHRANGADHRA GROUP 
Sample Numbers 
S i z e c l a s s - -
Phi mm 7 1 1 1 4 1 2 IS 
- 1.00 ^ .00 - _ _ _ _ 
- 0 .50 1 .41 - 4.63 - - 3 .39 
0 .00 1.00 17 .90 7 .9 4 8.48 5 . 4o 9 .22 
0 .50 0 . 7 1 25.92 24.50 16 .51 11.71 15 .04 
1.00 0 .50 22.83 32 .45 25.89 19.36 21.84 
1.50 0 . 3 5 17 .90 23.17 32 .14 30.18 33.00 
2.00 0 . 2 5 9.87 7 .28 12 .05 16.66 13 .10 
2.50 0.177 5.55 - 4.91 10.36 4.36 
3.00 0 .125 - - - 6 .30 
3.50 0 .088 - _ _ _ _ 
4.00 0 . 0 6 2 - _ _ _ _ 
( Contd . J 
C o n t d . A p p e n d i x I I I 
REdULT^ OF olz-b FRhjUr^NCY (NUMfar-k t-bRCLNT) DISTRIBUTION 
IN THE SURAJDEVAL SANDSTONE OF DHRANGADHkA uROUP 
S a m p l e Numbers 
S i z e c l a s s e s 
Phi mm 5 1 4 12 9 
- 1.00 2.00 _ _ _ _ 
- 0 . 5 0 1.41 
0.00 1.00 _ _ _ _ 
0.50 0.71 - 6.40 - 7.53 
1.00 0.50 10.19 12.80 7.05 9.12 
1.50 0.35 17.19 17.68 12.17 10.71 
2.00 0.25 29.93 18.90 27.56 23.41 
2.50 0.177 26.75 27.13 32.69 26.58 
3.00 0.125 10.82 12.80 10.25 12.30 
3.50 0.088 5.09 4.26 5.76 6.76 
4,00 0.06 2 - - 4.48 3.57 
( Contd. J 
C o n t d . A p p e n d i X I I I 
REbULTb'OF SIZL FRE^jULNCY (NUMBER PERCENTj DIbTRI&UTIOK 
IN THE THAN SANDSTONE OF DHKAl^ GADHRA GROUP 
SaiTiple Numbers 
S i z e c l a s s e s 
P h i miTi 3 1 0 1 3 1 -
- 1 . 0 0 z ,uO _ _ _ _ 
- 0 . 5 0 1 . 4 1 
O.Ov^ 1 . 0 0 _ _ _ _ 
0 . 5 0 0 . 7 1 _ _ _ _ 
l . u u 0 . 5 0 3 . 2 0 - 6 . 6 9 
1 . 5 0 0 . 3 5 9 . 6 0 4 , 0 4 9 . 5 0 
2 . 0 0 0 . 2 5 2 9 . 8 9 1 1 . 7 6 1 3 . 0 2 4 . 8 3 
2 . 5 0 0 . 1 7 7 3 2 . 7 4 1 9 . 4 8 1 7 . 2 5 1 5 . 5 9 
3 . 0 0 0 . 1 2 5 1 4 . 9 4 2 6 . 1 0 2 1 . 4 7 2 6 , 3 4 
3 . 5 0 0 . 0 8 8 5 . 6 9 3 0 . 1 4 2 7 . 4 6 3 6 . 5 5 
4 . 0 0 0 . 0 6 2 3 . 9 1 8 . 4 5 4 . 5 7 1 6 . 6 6 
APPENDIX IV 
SIATIoTlCAL PARAMt-TEKb OF ilZii FRr-'^ UENCY DISTRIbUTIOK OF 
THE WADHWAJSl SANDSTONE 
Sample 
Numbers 
6 
9 
7 
1 0 
Mean S i z e 
(M ; ( P h i ; 
z 
0 . 4 8 
0 .7 2 
1.06 
0 . 8 1 
S t a n d a r d 
d e v i a t i o n 
0 . 6 3 
0 . 6 0 
0 . 6 3 
0 . 8 4 
Skevmess 
(SK^j 
- 0 .17 
- 0 . 19 
- 0 . 2 8 
- 0 .06 
K u r t o s i s 
(K^^ 
VJ 
1 .12 
1 . 1 5 
1 .12 
0 . 9 0 
STATISTICAL PARAMETERS OF SIZE FREQUENCY DISTRIBUTION OF 
THE RANIPAT SANDSTONE 
Sample 
Numbers 
7 
11 
1 3 
3 
6 
^4ean S i z e 
(M, ; ( P h i j 
z 
1 .00 
1 .00 
1 .22 
1.40 
1.19 
S t a n d a r d 
d e v i a t i o n 
0 . 8 1 
0 . 6 8 
0 . 5 7 
0 . 7 1 
0 . 6 5 
Skewness 
(SKjJ 
- 0 . 0 41 
- 0 . 1 5 2 
- 0 . 0 7 3 
0 . 3 6 8 
- 0 .219 
K u r t o s i s 
(K^J 
1.43 
1.62 
1.10 
1.14 
1.11 
Contd... 
Contd. Appendix IV 
STATISTICAL PARAMETERS OF SlZr. FREQUENCY DISTRIBUTION OF THE 
i^URAJDEVAL SANDSTOME 
Sample 
Numbers 
5 
14 
10 
12 
Mean S i z e 
(M } ( P h i ; 
z 
2.07 
1.96 
2 .23 
2 .12 
S t a n d a r d 
d e v i a t i o n 
0 . 6 2 
0 . 7 2 
0 .66 
0 . 8 1 
Skewness 
(SK^J 
0 . 0 4 
- 0 .09 
0 .117 
- 0 . 09 5 
K u r t o s i s 
1 .18 
0 .9 3 
-1 r- T 
J- • Dl 
1 . 1 9 
STATISTICAL PARAI^tTERS OF SIZE FRr.QUENCY DISTRIBUTION OF THE 
THAN SANDSTONE 
Sample 
Numbers 
3 
10 
7 
1 5 
Mean S i z e 
(M^J (Ph i J 
2 .33 
2.7 4 
2 .60 
3 .09 
S t a n d a r d 
d e v i a t i o n 
( o ^ i 
0 . 5 8 
0 . 6 5 
0 .77 
0 . 5 2 
Skevmess 
(SKjJ 
0 . 3 0 
0 . 1 1 
- 0 . 2 4 
- 0 . 1 8 
K u r t o s i s 
^^G^ 
1.32 
0 . 9 0 
0 . 8 3 
0 . 9 1 
APPENDIX V 
MODAL ANALYSIS (IN PERCENT; OF THE DHRANGADHRA SANDSTONE 
Mineral Composition 
Sample Numbers 
2 3 4 
WADHWAN SANDSTONE 
QUARTZ RESISTATES 
Monocrystalline Igenous Quartz 
Polycrystalline Igenous Quartz 
Monocrystalline Meta. Quartz 
Polycrystalline Meta. Quartz 
Sedimentary Quartz 
1 0 . 0 9 
1 2 . 7 7 
1 9 . 2 6 
2 0 . 5 5 
— 
7 . 6 0 
1 6 . 8 0 
2 5 . 0 0 
16 . 8 0 
1 . 6 0 
1 3 . 8 7 
1 1 . 8 7 
2 2 . 5 0 
1 9 . 3 7 
1 . 2 5 
1 2 . 3 4 
1 0 . 6 1 
2 2 . 1 2 
1 8 . 3 8 
-
1 5 . 7 0 
7 . 9 2 
1 6 . 7 3 
1 9 . 1 7 
1 . 0 1 
FELDSPAR 
Weathered Plagioclase 
Weathered Orthoclase 
Weathered Microcline 
0 . 8 8 
1 . 3 2 
— 
1 . 2 5 
1 . 0 5 
— 
2 . 0 1 
1 . 2 5 
_ 
0 . 8 5 
1 . 0 3 
0 . 9 3 
2 . 1 0 
1 .03 
— 
MICA 
Authigenie 
Detrital 
1.76 
0.88 0.80 
3.12 0.85 1.72 
0.62 
LITHIC FRAGMENTS 
Quartzite, Chert, Phyllite 4.23 
CEMENT 
K a o l i n i t e 
I r o n Oxi d e 
S i l i c a 
1 4 . 0 9 8 . 8 0 1 7 . 5 0 1 7 . 4 4 2 . 2 1 
8 . 3 7 5 . 6 0 6 . 2 5 6 . 3 8 0 . 4 7 
C o n t d , . . 
Contd. Appendix V 
Mineral Composition 
Sample Numbers 
7 8 9 10 
QUARTZ RESISTATES 
M o n o c r y s t a l l i n e I g e n o u s Q u a r t z 
P o l y c r y s t a l l i n e I g e n o u s Q u a r t z 
M o n o c r y s t a l l i n e M e t a . Q u a r t z 
P o l y c r y s t a l l i n e M e t a . Q u a r t z 
S e d i m e n t a r y Q u a r t z 
1 2 . 3 2 1 5 . 2 1 9 .32 1 0 . 3 1 10 .21 
1 3 . 2 3 1 5 . 3 2 1 0 . 5 5 1 3 . 2 3 13 .21 
13 .19 28 .41 37 .39 28 .23 17 .32 
8 .23 1 0 . 9 1 4 .13 1 0 . 2 1 29 .55 
0 . 1 3 1.20 0 .12 
FELDSPAR 
Weathered Plagioclase 
Weathered Orthoclase 
Weathered Microcline 
1.03 2.13 1.33 
2.10 - 1.02 
0.13 2.54 
4.11 
1.20 
2.10 
MICA 
Authigenie 
Detrital 1.23 
1.33 2.11 2.10 
LITHIC FRAGMENTS 
Quartzite, Chert, Phyllite 6.40 5.14 5.39 6.24 3.21 
CEMENT 
Kaolinite 
Iron Oxide 
Silica 
5.23 6.13 4.76 7.23 2.05 
1.23 _ _ _ _ 
3.42 -
Contd... 
Contd. Appendix V 
Mineral Composition 
Sample Numbers 
2 3 4 
RANIPAT SANDSTONE 
QUARTZ RESISTATES 
Monocrystalline Igenous Quartz 
Polycrystalline Igenous Quartz 
Monocrystalline Meta, Quartz 
Polycrystalline Meta. Quartz 
Sedimentary Quartz 
8 .11 
2 .14 
9 . 2 5 
3 .78 
0 .66 
5.29 
4 .65 
9 .09 
3 .22 
0 . 9 2 
3 .62 
5.17 
3 .40 
7 .43 
— 
4.62 
6 .19 
1 0 , 4 5 
12 .49 
— 
4 . 9 i 
5.25 
9 . 7 ^ 
4 . 7 0 
— 
FELDSPAR 
Weathered Plagioclase 
Weathered Orthoclase 
Fresh Microcline 
Weathered Microcline 
2 . 0 5 
0 . 5 2 
2.29 
1 1 . 2 5 
4 .80 
2 . 2 5 
6 . 4 4 
3 .32 
3 .72 
1 .45 
3 . 3 5 
4 .82 
3 .62 
1.14 
4.32 
4.17 
2 .21 
3 .42 
4.92 
2.42 
MICA 
Authigenie 
Detrital 0.47 0.35 
4,02 - 1.02 
0.70 
LITHIC FRAGMENTS 
Quartzite, Chert, Phyllite, Slate 0.55 0.72 4.18 - 0.80 
CEMENT 
Carbonate 
Opal 
Iron Oxide 
Silica 
7.34 2.30 4.38 4.51 6.30 
3.22 3.70 - 2.49 3.71 
- - - - 0.67 
0 . 7 5 1 0 . 1 9 4.57 1 2 . 5 0 12 .92 
C o n t d . . . 
Contd. Appendix V 
Mineral Composition 
Sample Number 
7 8 9 10 
QUARTZ RESISTATEb 
Monocrystalline Igenous Quartz 
Polycrystalline Igenous Quartz 
Monocrystalline Meta. Quartz 
Polycrystalline Meta. Quartz 
Sedimentary Quartz 
6 . 0 0 
3 . 5 0 
4 . 2 4 
9 . 0 9 
— 
5 . 4 8 
2 . 3 0 
4 . 4 8 
5 .99 
0 . 9 6 
6 . 9 6 
3 . 5 9 
1 0 . 8 7 
3 . 0 0 
— 
6 . 2 9 
4 . 2 1 
3 . 2 6 
1 0 . 7 4 
0 . 7 2 
9 . 0 2 
3 .7 4 
4 . 8 0 
8 . 9 0 
2 , 52 
FELDSPAR 
Weathered Plagioclase 
Weathered Orthoclase 
Fresh Microcline 
Weathered Microcline 
1.23 2.76 1.72 
6.87 8.45 5.89 
3.00 3.29 6.54 
6.00 1.96 6.33 
1.42 6.80 
5.72 7.08 
2.62 1.44 
7.82 2.52 
MICA 
Authigenie 
Detrital 
0 . 4 5 
0 .47 
0 . 4 4 0 . 5 4 1 .08 
LITHIC FRAGMENTS 
Q u a r t z i t e , C h e r t , P h y l l i t e , S l a t e 0 . 4 0 4 . 1 7 0 . 4 4 5 ,26 
CEMENT 
C a r b o n a t e 
Opa l 
I r o n Oxi d e 
S i l i c a 
3 . 4 0 
1 2 . 2 0 
4 . 2 2 
2 . 4 1 0 . 7 4 
3 . 7 0 1 4 . 0 0 
4 . 9 2 0 . 4 0 
2 . 5 9 1 .9 2 
2 . 5 9 1 3 . 7 1 
9 . 3 2 
1 . 2 9 2 . 5 2 
3 . 6 9 1 . 8 0 
C o n t d . . . 
Contd. Appendix V 
Mineral Conposition 
11 
Sample Numbers 
12 13 14 15 
QUARTZ RKSISTATES 
Monocrystalline Igenous Quartz 
Polycrystalline Igenous Quartz 
Monocrystalline Meta. Quartz 
Polycrystalline Meta. Quartz 
Sedimentary Quartz 
4 . 6 2 
2 . 1 8 
6 . 6 0 
7 . 0 0 
2 . 1 0 
3 . 3 8 
6 . 2 8 
6 . 56 
5 . 8 6 
— 
6 . 6 7 
4 . 1 8 
4 . 9 0 
3 . 5 8 
3 . 1 9 
5 . 3 2 
5 . 0 2 
6 . 0 8 
6 . 5 9 
1 . 1 4 
8 .67 
2 . 9 0 
3.-iO 
1 0 . 3 0 
1 .56 
FELDSPAR 
Weathered Plagioclase 
Weathered Orthoclase 
Fresh Microcline 
Weathered Microcline 
1 . 2 6 
5 . 2 0 
6 . 8 4 
2 . 1 0 
0 . 9 6 
8 . 9 6 
1 . 4 4 
2 . 8 9 
2 . 0 9 
1 . 1 3 
8 . 9 6 
2 . 6 4 
2 . 0 0 
5 .96 
6 . 7 6 
1 . 9 0 
6 . 7 6 
5 . 0 0 
3 . 1 3 
2 . 5 9 
MICA 
Authigenie 
Detrital 0.84 
1.44 1.50 
1.13 
0.76 1.83 
LITHIC FRAGMENTS 
Quartzite, Chert, Phyllite, Slate - 4 . 9 4 
CEMENT 
C a r b o n a t e 
I r o n O x i d e 
S i l i c a 
1 0 . 0 8 5 . 7 9 8 . 6 7 9 . 8 8 1 . 9 1 
3 . 7 8 - - - 0 . 0 9 
2 . 9 4 4 . 3 4 4 . 1 5 1 . 5 2 0 . 1 5 
C o n t d . . . 
C o n t d . Append.! X v 
M i n e r a l C o m p o s i t i o n 
Sajmple Numbers 
SURAJDEVAL SANDSTONE 
QUARTZ RESISTATES 
M o n o c r y s t a l l i n e I g e n o u s Q u a r t z 
P o l y c r y s t a l l i n e I g e n o u s Q u a r t z 
M o n o c r y s t a l l i n e M e t a . Q u a r t z 
P o l y c r y s t a l l i n e M e t a . Q u a r t z 
S e d i m e n t a r y Q u a r t z 
1 6 . 3 0 1 2 . 6 3 1 0 . 4 9 2 0 . 0 3 1 7 . 4 8 
1 5 . 6 1 1 6 . 0 3 1 8 . 3 8 9 . 0 3 5 .76 
9 . 3 0 1 2 . 6 5 1 0 . 9 8 1 8 . 4 5 3 0 . 7 ^ 
3 2 . 6 0 3 8 . 7 9 3 4 . 7 1 2 3 . 0 3 8 . 7 0 
2 . 7 0 1 . 5 0 0 . 8 6 3 . 0 0 3 . 7 8 
FELDSPAR 
Weathered Plagioclase 
Weathered Orthoclase 
Fresh Microcline 
Weathered Microcline 
8.60 
9.60 7.09 12.02 11.45 3.09 
- - - - 4.93 
13.30 10.90 - 9.74 13.34 
MICA 
A u t h i g e n i e 
D e t r i t a l 
0 . 9 0 - 0 . 5 7 0 . 5 8 0 . 0 8 
1 . 5 0 2 . 0 2 
LITHIC FRAQ^iENTS 
Q u a r t z i t e . C h e r t 3.52 
CEMENT 
C a r b o n a t e 
Opa l 
I r o n O x i d e 
S i l i c a 
1 2 . 6 0 6 . 9 2 8 . 3 8 1 1 . 0 7 1 1 . 1 7 
2 . 7 0 3 . 3 1 4 . 6 2 2 . 0 4 
3 . 3 0 5 . 7 2 6 . 9 3 9^.32 5 . 3 8 
C o n t d . . . 
Contd. Appendix V 
Mineral Composition 
Sample Numbers 
7 8 9 10 
QUARTZ RESISTATES 
Monocrystalline Igenous Quartz 
Polycrystalline Igenous Quartz 
Monocrystalline Meta. Quartz 
Polycrystalline Meta. Quartz 
Sedimentary Quartz 
1 1 . 6 9 
3 . 2 6 
5 . 5 4 
7 . 1 9 
— 
8 . 4 3 
3 . 3 4 
1 1 . 0 4 
3 . 7 8 
1 . 0 5 
1 0 . 2 9 
4 . 4 3 
1 2 . 1 9 
4 .17 
-
9 . 3 1 
4 . 2 3 
8 . 2 1 
2 . 0 9 
0 . 1 3 
9 . 2 9 
5 . 1 9 
3 . 1 6 
7 .13 
0 . 1 9 
FELDSPAR 
Weathered Plagioclase 
Weathered Orthoclase 
Fresh Microcline 
Weathered Microcline 
3 . 0 6 
1 . 8 9 
2 . 7 6 
7 . 2 3 
1 . 5 8 
1 . 2 3 
3 . 2 8 
7 . 1 7 
2 . 4 2 
2 . 3 2 
4 . 3 9 
4 . 2 3 
3 . 3 1 
4 . 0 3 
2 . 5 4 
4 . 2 3 
1 . 6 4 
4 . 1 7 
0 . 2 9 
8 . 1 6 
MICA 
Authigenie 
Detrital 
1.28 0.74 
0.91 
1.24 
0.82 
LITHIC FRAGMENTS 
Quartzite, Chert 4.23 3.03 7.20 
CEMENT 
Carbonate 
Opal 
Iron Oxide 
Silica 
3 . 0 9 
1 5 . 1 2 
1 . 9 2 
0 . 2 4 
4 . 3 6 
3 . 1 9 
6 . 2 3 
3 . 1 4 
5 . 2 3 
2 . 1 9 
7 . 2 3 
1 . 0 2 
7 . 2 1 
4 . 3 3 
0 . 1 0 
1 . 0 1 
5 . 2 9 
3 . 1 6 
0 . 7 6 
4 . 2 3 
Contd... 
Contd. Appendix V 
Mineral Composition 
Sample Numbers 
11 12 13 ]4 15 
QUARTZ RESISTATES 
Monocrystalline Igenous Quartz 
Polycrystalline Igenous Quartz 
Monocrystalline Meta. Quartz 
Polycrystalline Meta. Quartz 
Sedimentary Quartz 
5.16 1 2 . 2 1 5.73 
3.19 2 .31 8 .42 
2.16 1 0 . 6 2 1 2 . 7 2 
1 4 . 5 8 
1 .23 
3 .21 
0 . 7 3 
8.23 
4.73 
4.29 
5.09 
0 .13 
8.09 
5.05 
14 .29 
5.33 
1 .2] 
FELDSPAR 
Weathered Plagioclase 
Weathered Orthoclase 
Fresh Microcline 
Weathered Microcline 
4.59 
2 .33 
0 .13 
7 . 5 4 
0 . 1 3 
5.33 
4.39 
5.47 
1.23 
6 .01 
2.19 
6 .13 
4 .91 
3 .94 
1 .39 
5.27 
2 .21 
2 .43 
4 .82 
6 .11 
MICA 
Authigenie 
Detrital 
0.21 
0.82 
0.13 
0.92 
0.19 
0.33 0.45 
LITHIC FRAGMENTS 
Quartzite, Chert 4.21 3.74 4.33 3.17 5.11 
CEMENT 
Carbonate 
Opal 
Iron Oxide 
Silica 
4 .23 
2.16 
3 . 1 3 
2 .11 
8 .51 
4 .01 
2 . 4 0 
3 . 3 4 
4 .92 
3 .13 
4 .44 
3 .29 
6 .26 
2.33 
7 .23 
2 .11 
4 .13 
2 .14 
0 .13 
5.1 9 
C o n t d . Appendi>; V 
M i n e r a l C o m p o s i t i o n 
S a m p l e Numbers 
2 3 4 
THAN SANDSTONE 
QUARTZ RESISTATKS 
M o n o c r y s t a l l i n e I g e n o u s Q u a r t z 
P o l y c r y s t a l l i n e I g e n o u s Q u a r t z 
M o n o c r y s t a l l i n e M e t a . Q u a r t z 
P o l y c r y s t a l l i n e M e t a . Q u a r t z 
S e d i m e n t a r y Q u a r t z 
4 . 4 8 7 . 1 4 
1 0 . 5 0 8 . 2 9 
1 2 . 3 8 1 1 . 7 0 
8 . 2 6 9 . 2 6 
2 . 9 4 6 . 3 4 
8 . 5 1 
5 . 5 1 
1 5 . 1 0 
5 .16 
2 . 5 2 
8 . 5 6 
6 . 4 2 
9 . 4 9 
1 0 . 7 3 
1 . 9 4 
1 0 . 1 7 
4 .26 
1 3 . 1 1 
7 . 0 5 
0 . 3 3 
FELDSPAR 
W e a t h e r e d P l a g i o c l a s e 
W e a t h e r e d O r t h o c l a s e 
F r e s h M i c r o c l i n e 
W e a t h e r e d M i c r o c l i n e 
1 . 2 5 
2 . 0 9 
9 . 0 6 
1 .67 
0 . 9 7 
5 . 0 5 
7 . 1 2 
1 . 4 6 
6 . 7 5 
1 . 6 4 
6 . 0 9 
0 . 8 2 
6 . 8 7 
2 . 0 8 
4 . 2 9 
2 . 1 9 
1 .SO 
3 . 2 7 
4 . 7 0 
5 . 9 2 
MICA 
A u t h i g e n i e 
D e t r i t a l 
1 . 6 7 
0 . 8 3 
1 . 2 3 1 . 7 5 
0 . 8 2 
LITHIC FRAGMENTS 
Q u a r t z i t e , C h e r t 1 . 8 2 
CEMENT 
C a r b o n a t e 
O p a l 
I r o n Oxi d e 
S i l i c a 
7 . 9 4 3 . 4 1 1 0 . 2 8 4 . 8 2 9 . 2 0 
- ~ - - 6 . 2 3 
2 . 9 2 4 . 3 9 5 . 3 4 2 . 1 9 3 . 0 5 
- 1 .06 
C o n t d . . . 
Contd. Appendix V 
Mineral Composition 
Sample Numbers 
7 8 9 10 
QUARTZ RiiblSTAThb 
M o n o c r y s t a l l i n e I g e n o u s Q u a r t z 
P o l y c r y s t a l l i n e I g e n o u s Q u a r t z 
M o n o c r y s t a l l i n e M e t a . Q u a r t z 
P o l y c r y s t a l l i n e M e t a . Q u a r t z 
S e d i m e n t a r y Q u a r t z 
2 1 . 6 8 9 . 2 4 2 5 . 9 8 2 0 . 6 2 1 5 . 2 9 
6 . 3 2 1 2 . 8 2 5 . 2 5 1 0 . 1 7 5 . 4 0 
2 5 . 2 1 2 3 . 7 2 1 3 . 2 5 2 5 . 4 5 1 1 . 2 0 
7 . 7 9 1 0 . 8 0 1 4 . 7 1 8 . 9 5 1 2 . 0 1 
4 . 1 3 0 . 5 6 0 . 1 0 1 . 2 1 
FELDSPAR 
Weathered Plagioclase 
Weathered Orthoclase 
Fresh Microcline 
Weathered Microcline 
4.23 1.21 
10.21 
12.73 
4.10 8.76 
8.18 1.72 10.79 
10.87 1.56 
1.23 5.21 2.34 
9.25 1.53 7.42 
MICA 
Authigenie 
Detrital 
1 . 2 5 
0 . 7 6 
1 . 4 1 
0 . 3 2 0 . 7 9 
LITHIC FRAGMENTS 
Q u a r t z i t e . C h e r t 9 . 2 7 2 . 7 1 4 . 6 1 1 0 . 4 3 
CEMENT 
C a r b o n a t e 
O p a l 
I r o n Oxi d e 
S i l i c a 
1 3 . 2 0 
-
1 . 0 8 
2 . 0 0 
1 4 . 2 1 
9 . 2 1 
1 . 7 1 
2 . 2 0 
1 1 . 1 9 
7 . 3 6 
0 . 8 2 
1 . 7 0 
5 . 3 1 
2 . 5 3 
1 1 . 5 0 
3 . 9 6 
C o n t d . . . 
3 2 . 2 0 
1 . 3 2 
-
-
C o n t d . A p p e n d i x V 
M i n e r a l C o m p o s i t i o n 
S a m p l e Numbers 
11 12 13 14 15 
QUARTZ RE5ISTATLS 
M o n o c r y s t a l l i n e I g e n o u s Q u a r t z 
P o l y c r y s t a l l i n e I g e n o u s Q u a r t z 
M o n o c r y s t a l l i n e M e t a . Q u a r t z 
P o l y c r y s t a l l i n e M e t a . Q u a r t z 
S e d i m e n t a r y Q u a r t z 
2 2 . 2 8 1 7 . 2 5 2 0 . 2 9 
6 . 4 6 1 0 . 5 5 9 . 9 9 
1 3 . 2 7 1 8 . 2 0 1 3 . 3 2 
20 . 27 20 .7 2 
8 . 2 1 1 0 . 3 7 
9 . 3 0 1 7 . 2 9 
1 2 . 8 5 1 6 . 2 0 1 0 . 9 0 1 2 . 8 1 
0 . 2 b 0 . 2 1 0 . 8 0 1 . 2 0 
6 .41 
FELDSPAR 
Weathered Plagioclase 
Weathered Orthoclase 
Fresh Microcline 
Weathered Microcline 
1 . 5 0 
-
1 5 . 3 6 
1 . 9 5 
1 0 . 4 0 
1 .36 
1 .7 4 
4 . 2 0 
9 . 9 2 
-
4 . 2 1 
8 . 3 5 
0 . 7 1 
8 . 0 0 
5 .27 
7 .37 
9 . 4 1 
0 . 5 2 
2 . 0 0 
9 . 5 1 
MICA 
A u t h i g e n l c 
D e t r i t a l 
2 , 4 0 - 2 . 2 9 3 . 2 1 2 . 1 0 
0 . 6 0 0 . 5 0 0 . 3 5 0 . 4 5 0 . 8 4 
LITHIC FRAGMENTS 
Q u a r t z i t e , C h e r t 1 . 7 5 0 . 5 5 2 . 6 5 1 .7 5 2 . 5 5 
CEMENT 
C a r b o n a t e 
O p a l 
I ron Oxi de 
4 . 7 5 2 0 . 8 0 1 1 . 8 9 1 3 . 7 2 1 2 . 8 2 
2 0 . 4 0 3 . 4 0 5 .96 4 . 9 8 5 .29 
5 . 2 5 4 . 5 2 1 8 . 9 2 1 5 . 7 2 1 0 . 2 4 
C o n t d . . . 
APPENDIX VI 
RECALCULATED NUMBER PERCENTAGE OF QUARTZ REblSTATES, FELDSPAR 
AND LABILE ROCK FRAGMENTS 
Sample Quartz Feldspars Labile rock 
Number resistates fragments 
WADHWAN SANDSTONE 
1 97 .06 2 .9 4 
2 98 .87 1 ,13 
3 9 8 . 2 9 1 .71 
4 98 .87 1 .13 
5 9 2 . 2 4 3 .30 4.46 
6 89 .46 3 .56 6 . 9 8 
7 8 9 . 3 1 5 .09 5 .60 
8 9 1 . 3 3 2 .63 6 . 0 3 
9 8 8 . 8 0 4 . 4 5 6 .7 5 
10 9 3 . 2 0 3 . 4 4 3 . 3 5 
RANIPAT SANDSTONE 
1 8 3 . 5 4 1 5 . 8 3 0 . 6 3 
2 7 9 . 5 4 1 9 . 6 1 0 . 8 4 
3 7 9 . 6 6 1 5 . 4 9 4 .85 
4 8 9 . 6 9 1 0 . 3 1 
5 8 5 . 7 2 1 3 . 2 2 1.06 
6 8 5 . 4 9 1 4 . 0 1 0 . 5 0 
7 8 5 . 2 9 9 . 8 5 4.86 
8 8 7 . 9 5 1 1 . 5 1 0 . 5 3 
9 8 1 , 9 7 1 1 . 6 4 6 . 3 9 
10 9 1 . 5 4 8 .46 
11 9 4 . 9 0 5 .10 
12 9 4 . 0 1 5 .99 
13 9 5 . 5 4 4.46 
14 9 6 . 9 7 3 .03 
15 8 6 . 3 4 7 . 0 9 6 .57 
Contd 
- o n t d . A p p e n d i X v': 
S a m p l e ^ 
Nuniber ^ ^ ^ ^ = ^ 
F e l d s p a r s L a b i l e r o c k 
r e s i s t a t e s f r a g m e n t s 
SURAJDEVAL SANDSTONE 
9 5 . 1 5 
2 ^ 4 . 8 5 
9 8 . 9 1 
3 o^ ^ ' 0 9 
9 7 . 3 9 
4 _^ 2 . 6 1 
9 5 . 8 5 
5 „ 4 . 1 5 
8 4 . 9 3 
6 1 0 . 5 7 
7 8 . 9 8 „ 4 . 5 0 
7 9 . 7 7 
7 2 . 1 1 , 1 1 . 2 4 
8 ^ 1 2 . 8 5 
7 0 . 6 5 1 5 . 0 4 
9 „ 1 5 . 0 8 
8 4 . 8 5 , 1 4 . 2 ^ 
10 1 1 . 9 2 
6 6 . 0 7 , „ 3 . 2 3 
1 1 1 8 . 2 3 
8 3 . 9 3 , 1 5 . 7 0 
12 1 3 . 4 1 
8 8 . 3 2 , 2 . 6 6 
13 ^^ 1 0 . 9 0 
7 3 . 3 1 ^ 0 . 7 8 
1 5 ^ 2 1 . 9 2 
80.84 , 2.87 1 5 . 4 0 
THAN SANDSTONE 
1 3 . 2 0 
3 . 7 6 
1 
9 4 . 2 1 
5 o c 3 . 3 6 
8 5 . 6 9 
6 oc 1 2 . 0 5 
^^•° ' ' , . „ 2.26 
8 3 . 6 1 ' ' • " 
9 8.37 
8 5 . 9 0 , 5 . 0 8 
1 0 ^ 1 0 . 5 8 
11 0-, 1 1 . 9 8 
13 
1 4 
, , 8 3 . 0 3 , , 5 . 2 5 
1 5 „ 1 3 . 0 6 
8 0 . 9 7 , 3 . 9 1 
5.83 
